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Executive Summary 

Effective November 20, 2007, Pacific Gas and Electric Company (PG&E) and 
the California Department of Water Resources (DWR) entered into the Habitat 
Expansion Agreement for Central Valley Spring-Run Chinook Salmon and 
California Central Valley Steelhead (HEA) with the following parties:  American 
Rivers; Arthur Baggett, Jr.1; California Department of Fish and Game (DFG); 
U.S. Department of Agriculture Forest Service; National Marine Fisheries 
Service (NMFS); U.S. Fish and Wildlife Service (USFWS); and State Water 
Contractors, Inc.  DWR and PG&E (Licensees) formed a Steering Committee to 
implement the HEA in accordance with its terms and conditions.   

The HEA provides a framework for the Licensees to jointly identify, evaluate, 
and select the most promising and cost-effective action(s) to expand spawning, 
rearing, and adult holding habitat for spring-run Chinook salmon and steelhead in 
the Sacramento River Basin.  Habitat expansion is to be accomplished through 
enhancements to existing accessible habitat, improving access to habitat, or other 
habitat expansion action(s) and is intended to mitigate for any presently 
unmitigated impacts due to the blockage of passage of all fish species caused by 
the Feather River Hydroelectric Projects.   

The HEA was negotiated to provide an alternative to NMFS exercising its 
Section 18 authority under the Federal Power Act to require a trap-and-transport 
(NMFS’ preferred terminology for trap-and-haul) program for fish passage past 
Oroville Dam in the new Federal Energy Regulatory Commission licenses for 
DWR’s Oroville Facilities Project and PG&E’s Upper North Fork Feather River 
and Poe Hydroelectric Projects, all of which are located in the Feather River 
watershed.  NMFS would have otherwise required a trap-and-transport program 
on the Feather River, which generated concern because of its high estimated cost 
and low potential for success.   

On November 20, 2009, the Licensees submitted the Draft Habitat Expansion 
Plan (HEP) for review and comment by the HEA signatories and directly affected 
third parties (other stakeholders), as required by Section 4.1.3 of the HEA.  The 
Draft HEP recommended either of two groups of actions, the Lower Yuba River 
Actions or the Three-Creek Actions.  Many of the comments received on the 
Draft HEP supported either or both of the groups of recommended actions.  

                                                      
1 Mr. Baggett, a member of the California State Water Resources Control Board (State Water Board), signed the 

HEA as a recommendation to the State Water Board.  Neither he nor the State Water Board is a Party to the 
HEA.  Mr. Baggett will not be participating in the State Water Board’s consideration of any petition for water 
quality certification for any Habitat Expansion Plan pursuant to Section 401 of the federal Clean Water Act.   
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However, significant comments were made regarding the interpretation and 
application of the HEA terms and conditions.  NMFS commented that the Draft 
HEP was deficient and recommended that the Licensees request an extension of 
6 months to complete the Final HEP.  An extension was requested and granted 
for the purposes of (1) responding to the comments on the Draft HEP, most 
significantly to address questions regarding the estimates of the contributions of 
the recommended actions to the HET and the eligibility of some of the actions; 
(2) further developing the actions presented in the Draft HEP; and 
(3) re-evaluating potential actions in the Upper Yuba River based on new 
information provided by NMFS. 

ES1 HEA Goals  

The overall goal of the HEA is to expand habitat with the physical characteristics 
necessary to support spawning, rearing, and adult holding of spring-run Chinook 
salmon and steelhead in the Sacramento River Basin as a contribution to the 
conservation and recovery of these species (Section 2.1 of the HEA, “Goal of 
Agreement”).   

The specific goal of the HEA is to expand spawning, rearing, and adult holding 
habitat sufficiently to accommodate an estimated net increase of 2,000–3,000 
spring-run Chinook salmon for spawning in the Sacramento River Basin, as 
compared to the habitat available under any relevant existing requirements or 
commitments (Section 2.2 of the HEA, “Habitat Expansion Threshold”) (i.e., 
“actions expected to occur in a timeframe comparable to implementation of 
habitat expansion action[s] under this Agreement” [Section 3.2 of the HEA]).  
This specific goal is referred to as the Habitat Expansion Threshold or HET. 

ES2 HEA Criteria 

The HEA identifies several sets of criteria for identifying, evaluating, 
recommending, and approving habitat expansion actions, including: 

 Evaluation Criteria (Section 4.1.1 of the HEA), 

 Selection Criteria (Section 4.1.2 of the HEA), and  

 NMFS Approval Criteria (Section 4.2.3 of the HEA). 

The Licensees developed working definitions for the various HEA criteria to 
facilitate utilization of these criteria for selecting actions to be included in the 
HEP.  Criteria definitions drew on the concepts described in the HEA, current 
scientific literature, recovery plans, and other sources.  The Licensees requested 
feedback on the working definitions from NMFS, the HEA signatories, and other 
interested stakeholders to support the application of the criteria in a consistent 
and transparent manner.  Chapter 2 of this plan describes the approach used by 
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the Licensees in applying the Evaluation and Selection Criteria to the potential 
habitat expansion actions and in selecting the recommended actions. 

ES3 Contribution to the HET 

The Licensees developed a qualitative approach that used empirical data and the 
professional judgment of the Steering Committee and other experts to estimate 
the contribution of the recommended actions to the HET.  The procedure to 
estimate contribution to the HET is based on existing scientific knowledge and 
provides a conservative estimate of habitat potential associated with the 
recommended actions.  While developing this methodology, the Licensees took 
into account comments received through consultation with NMFS, other HEA 
signatories, and an independent expert (Dr. Gregory B. Pasternack).   

Estimating contribution to the HET involved two steps.  First, the quantity of 
habitat for spawning by spring-run Chinook salmon was estimated based on the 
extent of habitat expansion and estimates of Chinook salmon spawning densities 
in the Yuba River.  Second, the quality of the expanded habitat for spring-run 
Chinook salmon was evaluated.  In this step, the estimated quantity of expanded 
habitat was reduced to reflect existing habitat limitations across life stages of 
spring-run Chinook salmon not addressed by the recommended actions.  This 
adjustment resulted in a more conservative estimate of contribution to the HET.  
Appendix N in the Final HEP contains a detailed description of the procedure 
and its results.   

As stated in Section 6.1 of the HEA, the Licensees are obligated to provide 
habitat but are not obligated to guarantee or verify fish production or habitat 
utilization.  The estimated contribution of the recommended actions to the HET 
represents an index of the increase in quality and quantity of habitat for spring-
run Chinook salmon.  The Licensees assumed that actions benefiting spring-run 
Chinook salmon would also benefit steelhead, and no explicit evaluation of the 
actions was made with regard to their benefits for steelhead.  Actual contribution 
to the HET resulting from the actions could differ due to a variety of factors 
beyond the influence of the HEA.  

ES4 Recommended Actions 

The recommended actions consist of the following three components, 
collectively referred to as the Lower Yuba River Actions: 

 expansion of spawning habitat at Sinoro Bar in the Englebright Dam Reach 
above the Deer Creek confluence; 

 expansion of spawning habitat at Narrows Gateway in the Narrows Reach 
below the Deer Creek confluence; and 
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 the option of planning for and installing a seasonally operated segregation 
weir on the Yuba River below the outlet of the Narrows Pool to segregate 
spring-run and fall-run Chinook salmon, if deemed necessary by the resource 
agencies (NMFS, USFWS, and DFG).  

 
The recommended actions have been modified since the Draft HEP based on 
comments and additional information.  The Licensees removed the Three-Creek 
Actions from consideration in the Final HEP based on anticipated full or partial 
funding from other sources.  Should the status of anticipated funding change 
before approval of the Final HEP by NMFS, the Licensees may reconsider 
recommending these actions for implementation under the HEA. 

The Licensees re-evaluated potential actions in the Upper Yuba River based on 
additional information provided by NMFS.  The Licensees determined that these 
actions present technical, legal, social, and logistical hurdles that preclude their 
completion in a timely manner.  Therefore, the Licensees could not recommend 
the Upper Yuba River Actions for consideration under the HEA at this time. 

The Lower Yuba River Actions achieve the goals of the HEA by expanding 
habitat in the Yuba River below Englebright Dam to support spawning, rearing, 
and adult holding of spring-run Chinook salmon and steelhead.  This group of 
actions is estimated to expand the habitat sufficiently to exceed the HET.  The 
actions rate favorably on a number of HEA criteria, including supporting 
segregation between fall-run and spring-run Chinook salmon and having a high 
potential to establish another independent, self-sustaining population of spring-
run Chinook salmon in the Sacramento River Basin.   

The Lower Yuba River Actions would significantly contribute to the ongoing 
efforts of the Licensees, resource agencies, non-governmental organizations, and 
landowners to create an area that could be managed for spring-run Chinook 
salmon in the upper portion of the Lower Yuba River―from Englebright Dam 
down to the outlet of Narrows Pool, a distance of approximately 2 miles.  The 
recommended actions have a high degree of local and political support and, as a 
whole, no known opposition. 

The Licensees concluded that expansion of habitat as defined in the HEA was 
best achieved through reliance on natural hydrologic-geomorphic processes 
whenever possible and that these natural processes were the most likely means to 
achieve needed habitat quantity and quality that could be sustained over time.  
The HEA was drafted as an alternative to a trap-and-transport program on the 
Feather River.  Trap and transport is based entirely on artificial means to 
circumvent migrational barriers and is not ecologically sustainable without 
significant human intervention.  A significant investment of time and funds to 
cover development, capital, operation and maintenance costs would be required 
for a successful program.   

The recommended actions in the Lower Yuba River benefit to a large degree 
from hydrologic-geomorphic processes that are largely naturally occurring to 
provide long-term stability of features conducive to spring-run Chinook salmon 
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and steelhead.  The Lower Yuba River Actions also offer benefits that can be 
sustained in the face of climate change, given the water management regime in 
effect in the Lower Yuba River. 

Table ES-1 summarizes the attributes assigned to the Lower Yuba River Actions 
by the Licensees, as well as an evaluation of these actions based on applying the 
NMFS Approval Criteria specified in the HEA.  Approval of the Final HEP will 
be determined by NMFS, after input from the HEA signatories and other 
stakeholders, using the NMFS Approval Criteria. 

Table ES-1.  Application of NMFS Approval Criteria to Lower Yuba River Habitat Expansion 
Actions (Lower Yuba River Actions) 

Action Attributes  Lower Yuba River Actions 

Estimated contribution to the Habitat Expansion Thresholda  
4,182 adult spring-run Chinook 

salmonb 

Estimated cost ~$23.4 millionc 

NMFS Approval Criteria Evaluationd  

Estimated to meet the Habitat Expansion Threshold? Yes 

Assures necessary testing, operations, and maintenance? Yes 

Supports establishing geographically separate self-sustaining 
population?e 

Yes 

Supports segregating spring-run from fall-run? e, f Yes 

Eligible? Yes 

Expected to be implemented in a reasonable period of time? Yes 

Note: The Lower Yuba River Habitat Expansion Actions (Lower Yuba River Actions) consist of expanding spawning habitat 
at Sinoro Bar and Narrows Gateway in the Lower Yuba River and the option of planning for and installing a 
seasonally operated segregation weir on the Yuba River below the outlet of the Narrows Pool, if deemed necessary by 
the resource agencies (National Marine Fisheries Service, U.S. Fish and Wildlife Service, and California Department 
of Fish and Game).   

a This value reflects the potential number of adult fish that can be supported by habitat expansion.  Actual results of the 
actions could differ due to a variety of factors both inside and outside the Yuba River.  

b This estimated contribution to the Habitat Expansion Threshold (HET) was calculated using the methodology 
described in Appendix N of the Final HEP, which yielded a specific number.  The estimated contribution of the 
recommended actions to the HET represents an index of the increase in quality and quantity of habitat for 
spring-run Chinook salmon.  The calculation is not meant to imply a degree of precision.   

c  A 20-percent contingency was added to the estimate due to uncertainties in available cost information. 
d Evaluation applies to the group of three actions, not necessarily each of the individual actions. 
e Criterion not required for approval. 
f Segregation may occur naturally or, if deemed necessary by the resource agencies, with installation of an optional 

segregation weir. 
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ES4.1 Eligibility 

The HEA allows for a variety of actions to be considered eligible for inclusion in 
the HEP.  Actions identified in other venues, including unfunded actions, are 
acceptable for consideration, provided that implementation results in a net 
expansion of habitat over any Existing Requirements and Commitments.  
Existing Requirements and Commitments are defined in Section 3.2 of the HEA 
and may include, but are not limited to, legal or regulatory requirements subject 
to a binding order, action by an agency or court, relicensing proceedings, or 
existing final biological opinions. 

The issue of eligibility for the spawning habitat expansion action at Sinoro Bar, 
as presented in the Draft HEP, was raised relative to a gravel augmentation 
program required of the U.S. Army Corps of Engineers (Corps).  On 
November 21, 2007, NMFS issued the Biological Opinion for the U.S. Army 
Corps of Engineers’ Operation of Englebright and Daguerre Point Dams on the 
Yuba River, California (2007 BiOp) to address the effects of operations on 
spring-run Chinook salmon (and other species).  In the 2007 BiOp, NMFS issued 
an incidental take statement with a number of Reasonable and Prudent Measures, 
including the following: 

1.   The Corps shall develop and implement a long-term gravel augmentation 
program to restore quality spawning habitat below Englebright Dam. 

A)  The Corps shall utilize the information obtained from the pilot gravel 
injection project to develop and commence implementation of a long-term 
gravel augmentation program within three years of the issuance of this 
biological opinion. 

The large-scale spawning habitat expansion actions proposed as part of the 
Lower Yuba River Actions are distinct and separate from the gravel 
augmentation program required of the Corps by the NMFS 2007 BiOp.  The two 
sets of actions are complementary.  Each set of actions would independently 
provide expanded spawning habitat, and the Corps program could help to sustain 
the HEP actions over time through periodic introduction of gravel to Sinoro Bar 
and Narrows Gateway.  Thus, the spawning habitat expansion actions proposed 
below Englebright Dam in the Final HEP are eligible under the terms and 
conditions of the HEA.   

ES5 Outreach 

Stakeholder input and public support are critical to successful implementation of 
the actions proposed under the HEP.  Throughout development of the Draft HEP 
and the Final HEP, the Licensees have worked closely with the signatories to the 
HEA and sought input from local stakeholders to recommend actions that could 
be approved for implementation under the HEA.  Appendix C of the Final HEP 
details the various outreach activities conducted over the past 3 years.  The 



California Department of Water Resources and 
Pacific Gas and Electric Company 

 Executive Summary

 

 
Habitat Expansion Agreement 
Final Habitat Expansion Plan  

 
ES-7 

November 2010

ICF 00854.08

 

Licensees plan to continue outreach efforts until a Final HEP is approved for 
implementation, and then to work with the appropriate stakeholders in order to 
affect the success of the HEP. 

ES6 Summary 

In summary, the Lower Yuba River Actions represent an excellent opportunity to 
meet the goals, terms, and conditions of the HEA.  They provide a significant, 
timely, and much needed contribution to the conservation and recovery of spring-
run Chinook salmon with ancillary benefits to steelhead.  Upon approval, the 
Licensees are confident that, with the support of the HEA signatories and other 
stakeholders, the Lower Yuba River Actions can be implemented within a 
reasonable time frame (i.e., within approximately 5 years), providing an almost 
immediate benefit to spring-run Chinook salmon. 

Furthermore, the Lower Yuba River Actions recommended by the Licensees are 
fully compatible with an Upper Yuba River reintroduction program proposed by 
NMFS and could serve as a springboard from which to launch such actions in the 
future.  The Lower Yuba River Actions represent a sizeable contribution to 
development of a Yuba River spring-run Chinook salmon population that is fully 
supportive of goals in the Public Draft Recovery Plan for Central Valley Salmon 
and Steelhead (NMFS 2009). 
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Chapter 1 
Introduction 

Effective November 20, 2007, Pacific Gas and Electric Company (PG&E) and 
the California Department of Water Resources (DWR) entered into the Habitat 
Expansion Agreement for Central Valley Spring-Run Chinook Salmon and 
California Central Valley Steelhead (HEA) with the following parties:  American 
Rivers, Arthur G. Baggett, Jr.1; California Department of Fish and Game (DFG); 
U.S. Department of Agriculture Forest Service (Forest Service); National Marine 
Fisheries Service (NMFS); U.S. Fish and Wildlife Service (USFWS); and State 
Water Contractors, Inc.  A copy of the HEA is available on the HEA website:  
www.sac-basin-hea.com. DWR and PG&E (the Licensees) formed a Steering 
Committee, comprised of two representatives each, to execute the HEA in 
accordance with its terms and conditions.   

The HEA allows DWR and PG&E 2 years to jointly identify, evaluate, and select 
the most promising and cost-effective action(s) to expand spawning, rearing, and 
adult holding habitat for spring-run Chinook salmon and steelhead in the 
Sacramento River Basin.  These actions are proposed as an alternative to NMFS 
exercising its Section 18 authority under the Federal Power Act (FPA) to require 
a trap-and-transport (NMFS’ preferred terminology for trap-and-haul) fish 
passage prescription over Oroville Dam in the new Federal Energy Regulatory 
Commission (FERC) licenses for DWR’s Oroville Facilities Project and PG&E’s 
Upper North Fork Feather River and Poe Hydroelectric Projects, all of which are 
located in the Feather River system and are referred to collectively as the Feather 
River Hydroelectric Projects.  NMFS has reserved the right to exercise its 
Section 18 authority in the event that one or both of the Licensees withdraws 
from or materially breaches the HEA (FERC 2006).  

This Final Habitat Expansion Plan (HEP) includes the following chapters: 

 Chapter 1 provides background on the HEA and its goals. 

 Chapter 2 describes how the HEA has been carried out to date and how the 
HEP was developed. 

 Chapter 3 presents the Licensees’ recommended actions in detail, including 
their objectives and benefits, estimated cost, proposed implementation 
schedule, and the implementation responsibilities of each Licensee. 

                                                      
1 Mr. Baggett, a member of the California State Water Resources Control Board (State Water Board), signed the 

HEA as a recommendation to the State Water Board.  Neither he nor the State Water Board is a Party to the 
HEA.  Mr. Baggett will not be participating in the State Water Board’s consideration of any petition for water 
quality certification for any Habitat Expansion Plan pursuant to Section 401 of the federal Clean Water Act.   
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 Chapter 4 discusses the rationale for selecting the HEP recommended 
actions, including their contribution to the Habitat Expansion Threshold 
(HET), and eligibility.  

 Chapter 5 explains the remaining phases associated with the HEA. 

 Chapter 6 identifies the sources cited in the document. 

Various technical and informational appendices include, among others, a timeline 
for implementation of the HEA, a description of the outreach activities taken by 
the Licensees to keep the HEA signatories and directly affected and responsive 
third parties (herein referred to as other stakeholders) informed about the HEA 
process, an explanation of how potential habitat expansion actions were scored 
using the HEA criteria, and a discussion of the methodology used to estimate 
contribution of an action to the HET. 

1.1 Background of the HEA 

1.1.1 FERC Relicensing for Feather River Projects 

1.1.1.1 DWR Relicensing 

DWR constructed and operates the Oroville Facilities, FERC Project No. 2100 
(Oroville Facilities), on the Lower Feather River.  The Oroville Facilities were 
developed in 1967 as part of the California State Water Project (SWP), a water 
storage and delivery system of reservoirs, aqueducts, power plants, and pumping 
plants.  Also in 1967, the Feather River Hatchery was opened as compensation 
for habitat loss in the reaches above Lake Oroville Dam (Sommer et al. 2001). 
The SWP makes deliveries of supplemental water to two-thirds of California’s 
population and over 750,000 acres of agricultural lands.  Lake Oroville Dam is 
also operated to provide power generation, improve water quality in the 
Sacramento River-San Joaquin River Delta (Delta), manage Feather River 
floodwaters, provide recreation, and enhance habitat for fish and wildlife. 

The Oroville Facilities are operated under a license originally issued by the 
Federal Power Commission (FPC [the FPC was succeeded by FERC]) on 
February 11, 1957, for a term of 50 years.  Under the requirements of the FPA 
and FERC regulations, DWR filed a timely application for a new license on 
January 26, 2005.  The original license expired on January 31, 2007; however, 
the Oroville Facilities have been operated since then under annual licenses 
pursuant to Section 15 of the FPA.  The application for the new license is 
currently pending before FERC. 

DWR is seeking a new license for the Oroville Facilities through the Alternative 
Licensing Procedure (DWR 2008), as outlined in the Federal Register (FERC 
2005).  As part of this process, the Settlement Agreement for Licensing of the 
Oroville Facilities (Oroville Settlement Agreement) was developed (DWR 2006).  
The Oroville Settlement Agreement describes a number of habitat restoration 
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activities in the Lower Feather River.  These activities, as part of a 
comprehensive Lower Feather River Habitat Improvement Plan (LFRHIP) 
(Article A101), include the following: 

 Gravel Supplementation and Improvement Program (Article A102).  
This program requires that a gravel management plan be developed in 
consultation with the Ecological Committee, established under the LFRHIP, 
that may include gravel supplementation or riffle rehabilitation within the 
ordinary high water mark of the Lower Feather River. 

 Channel Improvement Program (Article A103).  This program requires 
the improvement of Moe’s Ditch and Hatchery Ditch in the Low Flow 
Channel of the Lower Feather River, along with construction of no less than 
2,460 feet of new side channel riffle/glide complexes. 

 Structural Habitat Supplementation and Improvement Program (Article 
A104).  This program is intended to provide additional rearing habitat within 
the Lower Feather River by addition of structural complexity.  This may be 
done through the addition of large woody debris, boulders, and other objects.  
A minimum of two pieces per riffle will be included in the Low Flow 
Channel and High Flow Channel, from River Mile 54.2 to River Mile 67.2, 
making a total of 50–500 pieces. 

 Fish Weir Program (Article A105).  This program includes two phases.  
Phase 1 is the development of a monitoring weir just upstream of Thermalito 
Afterbay Outlet.  Phase 2 involves construction of a segregation weir, 
equipped with an egg-taking station, if appropriate. 

 Riparian and Floodplain Improvement Program (Article A106).  This 
program requires development of a plan to enhance and reconnect floodplain 
habitats within the Oroville Wildlife Area.  This plan must also address the 
effect of flood/pulse flows and will be re-evaluated within 15 years.  

 Feather River Fish Hatchery Improvement Program (Article A107).  
This program sets specific targets for hatchery temperatures, requires 
development of a hatchery management program (including a Hatchery and 
Genetics Management Plan), potential installation of a water supply 
disinfection system, and annual hatchery operations and maintenance2.  

 Instream Flow and Temperature Improvement for Anadromous Fish 
(Article A108).  This requirement includes higher minimum flows and lower 
temperatures than were being met previously in the Lower Feather River in 
accordance with the Agreement Concerning the Operation of the Oroville 
Division of the State Water Project for Management of Fish and Wildlife 
(1983). 

All timelines related to these programs begin once a new license is issued.  For 
further information on these programs, refer to Appendix A of the Oroville 
Settlement Agreement (DWR 2006). 

                                                      
2 The Draft Hatchery and Genetics Management Plan includes a proposed production goal of up to 3 million 

eggs, with a release of 2 million spring-run Chinook salmon smolts.  The current production goal for steelhead 
is up to 1 million eggs, with a release of 400,000 yearlings (DWR 2007). 
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1.1.1.2 PG&E Relicensing 

PG&E owns and operates the Poe Hydroelectric Project, FERC Project No. 2107 
(Poe), on the North Fork Feather River under a license issued by the FPC on 
October 26, 1953, for a term of 50 years.  Under the requirements of the FPA and 
FERC regulations, PG&E filed an application for a new license for Poe on 
October 2, 2001.  This application is currently pending before FERC.  The 
original license for Poe expired on September 30, 2003; since that time, the 
project has been operating under annual licenses pursuant to Section 15 of the 
FPA. 

PG&E owns and operates the Upper North Fork Feather River Hydroelectric 
Project, FERC Project No. 2105 (Upper North Fork Feather River), under a 
license issued by the FPC on January 24, 1955, for a term of 50 years.  Under the 
requirements of the FPA and FERC regulations, PG&E filed an application for a 
new license for the Upper North Fork Feather River on October 23, 2002.  This 
application is currently pending before FERC.  The original license for the Upper 
North Fork Feather River expired on October 31, 2004; since that time, the 
project has been operating under annual licenses pursuant to Section 15 of the 
FPA. 

PG&E also owns and operates a third project on the North Fork Feather River, 
the Rock Creek-Cresta Hydroelectric Project, FERC Project No. 1962 (Rock 
Creek-Cresta), under a license issued by FERC on October 24, 2001, which 
expires on September 30, 2034. 

1.1.2 HEA Negotiated as an Alternative to 
Prescribed Fish Passage 

Section 18 of the FPA gives NMFS the authority to require fishways or fish 
passage.  NMFS exercised this authority in the FERC relicensing proceedings for 
the Oroville Facilities and Upper North Fork Feather River for DWR and PG&E, 
respectively.  NMFS stated that a trap-and-transport program for spring-run 
Chinook salmon in the Feather River system would meet its fish passage 
objectives.  The trap-and-transport program would involve trapping adult fish 
below the Lake Oroville Dam, transporting them approximately 60 miles 
upstream by tanker truck, and placing them in the Upper North Fork Feather 
River.  The program also would require collecting downstream migrants in the 
Upper North Fork Feather River and transporting them back downstream below 
Oroville Dam.  NMFS has filed modified or amended modified prescriptions in 
the Oroville Facilities, Upper North Fork Feather River, and Poe licensing 
proceedings to reserve its authority to prescribe fishways as provided in the 
HEA. 

The NMFS proposed trap-and-transport program on the Feather River generated 
concern because of its high estimated cost and low potential for success.  
Ultimately, DWR and PG&E, together with other participants in the relicensing 
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proceedings, came together to discuss alternatives to trap and transport for 
expanding anadromous fish habitat.  In proceedings separate from but related to 
the Oroville Settlement Agreement, DWR, PG&E, NMFS, USFWS, DFG, the 
Forest Service, American Rivers, Arthur Baggett, Jr. and the State Water 
Contractors negotiated the HEA to establish an approach for identifying, 
evaluating, selecting, and implementing the most promising and cost-effective 
action(s) to expand spawning, rearing, and adult holding habitat for spring-run 
Chinook salmon in the Sacramento River Basin (DWR 2007).  This was an 
alternative to NMFS, other resource agencies, or other parties seeking fish 
passage on the Feather River or its tributaries in the relicensing of the Oroville 
Facilities, Poe, and Upper North Fork Feather River, or through amendment of 
the license for Rock Creek-Cresta3.   

As stated in Section 1.2 (a) of the HEA, the HEA fully mitigates for any 
presently unmitigated impacts on all fish species due to the blockage of fish 
passage caused by the Feather River Hydroelectric Projects.  The HEA, however, 
is not intended to mitigate for all habitat losses in the Feather River watershed.  
Other mitigation measures to compensate for loss of habitat include those 
outlined in Appendix A of the Settlement Agreement for Licensing of Oroville 
Facilities (see above) and the continued operation of the Feather River Fish 
Hatchery.   

Also stated in Section 1.2 (b) of the HEA, the HEA: 

“…resolves among the Parties during the term of this Agreement issues related 
to regulatory conditions for Fish Passage associated with or related to any of the 
Feather River Hydroelectric Projects in excess of the action(s) contemplated 
under this Agreement, including, but not limited to, issues (related to Fish 
Passage) arising under exercise of authority under the ESA (subject to 
Section 13 of this Agreement), California Endangered Species Act (subject to 
Section 13 of this Agreement), Sections 18, 4(e), 10(a), and 10(j) of the FPA, 
and Section 401 of the Clean Water Act, provided the Licensees are complying 
with their obligations under this Agreement.”   

1.2 Goal of the HEA 

As stated in Section 2.1 of the HEA, “Goal of Agreement”: 

The overall goal of this Agreement is to expand the amount of habitat with 
physical characteristics necessary to support spawning, rearing and adult holding 
of Spring-Run and Steelhead in the Sacramento River Basin as a contribution to 
the conservation and recovery of these species.  The expansion shall be 
accomplished through enhancements to existing accessible habitat, improving 
access to habitat, or other action(s) and … is intended to fully mitigate for any 
presently unmitigated impacts due to the blockage of Fish Passage of all fish 
species caused by the Feather River Hydroelectric Projects. 

                                                      
3 See Recital G of the HEA. 
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As stated in Section 2.2 of the HEA, “Habitat Expansion Threshold”: 

The specific goal of the Agreement is to expand spawning, rearing and adult 
holding habitat sufficiently to accommodate an estimated net increase of 2,000 
to 3,000 Spring-Run for spawning (‘Habitat Expansion Threshold’) in the 
Sacramento River Basin, as compared to the habitat available under any relevant 
Existing Requirements or Commitments.  The Habitat Expansion Threshold is 
focused on Spring-Run as the priority species, as expansion of habitat for 
Spring-Run typically accommodates Steelhead as well. 

Existing requirements or commitments are defined in Section 3.2 of the HEA as 
“actions expected to occur in a timeframe comparable to implementation of 
habitat expansion action[s] under this Agreement.”   

1.3 Potential Habitat Expansion Actions 

Section 3.1 of the HEA, “Scope of Eligible Habitat Expansion Actions,” states 
that potential actions to expand spawning, rearing, and adult holding habitat for 
spring-run Chinook salmon and steelhead will be identified, evaluated, selected, 
and implemented according to Section 4 of the HEA, “Planning and 
Implementation of Habitat Expansion Action(s).”  According to the HEA, habitat 
expansion actions may include, among other things: 

 dam removals,  

 dam re-operation,  

 creation or enhancement of fishways,  

 water temperature/flow improvements, or 

 other physical habitat enhancements. 

Habitat expansion actions should ensure future operation and maintenance if such 
operation and maintenance is needed after initial implementation.  Habitat 
expansion actions also may include functional start-up testing, if needed, for 
technical validation of the action’s design (e.g., that a fish ladder operates as 
designed) but not long-term monitoring of species utilization or benefit.   

Actions identified in other venues, including unfunded actions, are acceptable for 
consideration, provided that implementation of the HEA results in a net 
expansion of habitat over any existing requirements and commitments (as 
defined in Section 3.2 of the HEA), whether by the Licensees or others. 

The Licensees identified, evaluated, and recommended potential habitat 
expansion actions using criteria identified in the HEA, including: 

 seventeen non-prioritized Evaluation Criteria (Section 4.1.1 of the HEA) to 
screen potential habitat expansion actions and develop a preliminary list of 
viable actions, and 
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 four non-prioritized Selection Criteria (Section 4.1.2 of the HEA) to select 
recommended habitat expansion actions for implementation. 

The approach taken by the Licensees to apply the Evaluation and Selection 
Criteria to the potential habitat expansion actions and select the recommended 
actions is described in Chapter 2, “Development of the Habitat Expansion Plan.”   

NMFS will consider six Approval Criteria (Section 4.2.3 of the HEA), along with 
comments from the HEA signatories and other stakeholders, and any other 
relevant information, when deciding whether to approve the recommendations 
made by the Licensees. 

1.4 Timeline 

This Final HEP is being submitted to NMFS for approval.  The Licensees are 
also distributing the Final HEP to the HEA signatories, the State Water Board, 
and other stakeholders for their information.  Before approving the Final HEP, 
NMFS will commence a 60-day consultation process with the HEA signatories, 
State Water Board, and other stakeholders.   

The proposed approval and implementation schedule for the habitat expansion 
actions recommended by the Licensees is presented in Appendix A.  The 
remaining phases associated with implementing the HEA are described further in 
Chapter 5. 
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Chapter 2 
Development of the Habitat Expansion Plan 

This section provides an overview of the steps taken to develop the HEP 
according to the terms and conditions required by the HEA.  It describes the 
development of potential habitat expansion actions, application of the HEA 
Evaluation and Selection Criteria to potential actions, actions recommended in 
the Draft HEP, and development of the Final HEP. 

2.1 Developing Potential Habitat Expansion 
Actions 

The first step in developing a list of habitat expansion actions that could 
potentially be considered for the HEP included compiling a comprehensive List 
of Potential Actions.  The Steering Committee created three consecutive lists of 
actions during this process.  These lists included the: 

 Draft Working List of Potential Actions, 

 Working List of Potential Actions, and 

 Short List of Potential Actions. 

The process for developing each list is described below. 

2.1.1 Draft Working List of Potential Actions 

The Steering Committee initially compiled a Draft Working List of Potential 
Actions to be considered for inclusion in the HEP (Appendix B1).  This list was 
primarily developed from:  

 the results of a separate PG&E/California Trout (CalTrout) effort to develop 
a list of prioritized actions that could contribute to recovery of Central Valley 
salmon and steelhead,  

 recovery actions identified in the NMFS Recovery Plan for the 
Evolutionarily Significant Units of Sacramento River Winter-Run Chinook 
Salmon and Central Valley Spring-Run Chinook Salmon and the Distinct 
Population Segment of Central Valley Steelhead Co-Manager Review Draft 
(Co-Manager Review Draft Recovery Plan), and 
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 input received from other parties to the HEA and stakeholder groups who 
submitted completed HEA questionnaires and contact information/comment 
sheets to the Steering Committee. 

Other tools used during the development of the Draft Working List of Potential 
Actions include a geographic information system (GIS) database, which 
compiled data for various watersheds in the Upper Sacramento River Basin (e.g., 
dams and diversions, critical habitat, current distribution, etc.), and a report 
providing background information on the status of spring-run Chinook salmon 
and steelhead populations throughout watersheds in the Sacramento River Basin.  
These tools, which assisted the Steering Committee in the identification, 
evaluation, and selection of potential habitat expansion actions, are described in 
the following sections.   

2.1.1.1 Prioritized Actions Contributing to Salmon 
and Steelhead Recovery  

In late 2005, PG&E and CalTrout initiated the Prioritized Actions Contributing to 
Salmon and Steelhead Recovery Project that involved participation of a broad set 
of private and public stakeholders, including NMFS, USFWS, DFG, and the 
Association of California Water Agencies.  The purpose of this collaborative 
effort was to develop a prioritized list of recovery opportunities for Central 
Valley salmon and steelhead listed under the federal Endangered Species Act 
(ESA) that is independent of, and complementary to, ongoing recovery efforts 
undertaken by federal and state agencies.  More than 200 potential recovery 
actions were identified and evaluated as part of this process.  In addition, a 
prioritization tool was developed and applied to many of the actions; NMFS has 
indicated interest in exploring the potential application of this prioritization tool 
in association with the Central Valley Salmon and Steelhead Recovery Plan.  The 
Steering Committee used the list produced by the PG&E/CalTrout project as the 
starting point for developing a preliminary list of potential actions.   

2.1.1.2 NMFS Co-Manager Review Draft Recovery 
Plan 

NMFS is currently developing a recovery plan for listed Central Valley salmon 
and steelhead.  NMFS has stated that implementation of the recovery plan for the 
Sacramento River winter-run Chinook salmon evolutionarily significant unit 
(ESU), Central Valley spring-run Chinook salmon ESU, and Central Valley 
steelhead distinct population segment (DPS) is vital to the continued persistence 
and recovery of these species.  Recovery plans are developed to serve as a 
guideline for achieving ESA recovery goals by describing the steps that must be 
taken to achieve viable ESUs/DPSs.   

NMFS issued the Co-Manager Review Draft Recovery Plan in May 2008.  
Although the plan was still in development, the Steering Committee obtained 
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permission to use the Co-Manager Review Draft in order to identify additional 
recovery actions for spring-run Chinook salmon and steelhead.  The Steering 
Committee integrated actions in the Co-Manager Review Draft Recovery Plan 
into the Draft Working List of Potential Actions (Appendix B1).  

In October 2009, NMFS issued the Public Draft Recovery Plan for the 
Evolutionarily Significant Units of Sacramento River Winter-Run Chinook 
Salmon and Central Valley Spring-Run Chinook Salmon and the Distinct 
Population Segment of Central Valley Steelhead (Public Draft Recovery Plan).  
Actions recommended in the Draft HEP were referenced against that document.   

2.1.1.3 Signatory and Stakeholder Input 

As part of HEA outreach activities (described in Appendix C), the Steering 
Committee prepared a questionnaire to obtain information on potential habitat 
expansion actions from the signatories to the HEA and other stakeholders.  The 
questionnaire was developed to solicit ideas for actions that could contribute to 
the expansion of anadromous fish habitat in the Sacramento River Basin and be 
considered for inclusion in the HEP.  The type of information requested in the 
questionnaire assisted the Steering Committee in determining the potential of an 
action to meet the HEA criteria and includes: 

 contact information for the action, 

 description of the action, 

 species-limiting factors, 

 environmental objectives (i.e., how the action is intended to change the 
environment in order to achieve the biological objectives), 

 biological objectives (i.e., the anticipated biological response from the 
action), 

 cost, 

 schedule, 

 feasibility, 

 project support, and 

 supporting documents. 

A series of meetings was held to explain the questionnaire to signatories and 
stakeholders (see Appendix C), and the questionnaire and comment form were 
posted on the HEA website along with detailed instructions on their completion 
and submittal.  Questionnaires and comment forms completed by the HEA 
signatories were submitted to the Steering Committee by February 27, 2009.  
Questionnaires completed by other stakeholders were submitted to the Steering 
Committee by April 30, 2009.  The Steering Committee received 22 completed 
questionnaires prior to issuance of the Draft HEP (Appendix D). 
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2.1.1.4 Additional Tools 

GIS Database for Potential Actions 

The Steering Committee requested DWR staff to develop a GIS database 
compiling appropriate data for various watersheds in the Upper Sacramento 
River Basin, to support the identification and evaluation of potential habitat 
expansion actions.  The GIS database is focused on the following watersheds:  
Clear, Cow, Bear, Cottonwood, Beegum, Battle, Antelope, Thomes, Mill, Deer, 
Butte, Stoney, and Big Chico Creeks and the Sacramento, Feather, Yuba, and 
American Rivers.  The database was developed for internal use to assist with 
selection of potential habitat expansion actions. 

The types of data that were incorporated into the GIS database include base layer 
information (e.g., roads, towns, cities, public lands, and county boundaries); 
hydrologic features (e.g., rivers, streams, lakes, ponds, and reservoirs); watershed 
boundaries; digital elevation models (DEMs); 1:24K U.S. Geological Survey 
topographic maps; aerial photographs (NAIP); satellite imagery; land use data; 
current and historical distribution of anadromous fish; designated critical habitat 
for spring-run Chinook salmon and Central Valley steelhead; dams, water 
diversions, and other potential fish passage barriers (PAD); ongoing and 
completed watershed restoration projects; and other available data on salmonid 
habitat. 

Background Report 

The Steering Committee requested DWR staff to prepare a Background Report 
on the Status of Spring-Run Chinook Salmon and Central Valley Steelhead in the 
Sacramento River Basin (Background Report) (DWR 2009) (Appendix E).  The 
purpose of this report was to provide background information on the status of 
spring-run Chinook salmon and Central Valley steelhead populations throughout 
watersheds in the Sacramento River Basin in order to support the Steering 
Committee in the identification, evaluation, and selection of potential habitat 
expansion actions. 

The report included two main sections, addressing:  (1) the general life history of 
spring-run Chinook salmon and steelhead in the Sacramento River Basin; and 
(2) the status of populations in individual tributaries of the Upper Sacramento 
River Basin. 

The first part of the report covering general life history includes information 
about:   

 basic life history characteristics of the species,  

 their historical and current distribution, and  

 results of the Population Viability Assessment completed in support of 
NMFS recovery planning for the species. 
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The second part of the report addresses the following tributary watersheds:  
Clear, Cow, Bear, Cottonwood, Beegum, Battle, Antelope, Thomes, Mill, Deer, 
Butte, Stoney, and Big Chico Creeks and the Yuba and American Rivers.  
Specific topics that are addressed for each tributary watershed include:   

 an evaluation of available watershed assessment data, including potential 
spawning, summer holding, and rearing habitat, as well as known limiting 
factors for spring-run Chinook salmon and steelhead populations;  

 historical and current adult monitoring activities;  

 completed, ongoing, and other identified restoration activities;  

 limitations for restoration; and  

 potential benefits of restoration.  

2.1.2 Working List of Potential Actions 

As a result of the actions and resources described in the previous section, 
completed actions were removed from the Draft Working List of Potential 
Actions, and new actions were added to the list.  Actions that were not viable1 
were removed from the list as well.  The Steering Committee then grouped 
actions within watersheds where applicable. 

The result of this approach was a Working List of Potential Actions 
(Appendix B2).  

2.1.3 Short List of Potential Actions  

The Steering Committee next identified those actions (single and grouped) from 
the Working List of Potential Actions with a high estimated contribution to the 
HET.  Professional judgment was used to identify actions that would likely add 
habitat to support at least 500 spring-run Chinook salmon, as well as steelhead.   

The result of this approach was a Short List of Potential Actions that included 
individual and grouped actions (Appendix B3). 

                                                      
1 Actions that were not viable contained some significant feature that would prevent the action from being 

implemented under the terms of the HEA.  For example, lack of support by a regulatory agency could prevent 
the action from obtaining permits that may be required before the action could be implemented. 
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2.2 Applying HEA Criteria to Potential Habitat 
Expansion Actions 

The HEA identifies several criteria for identifying, evaluating, recommending, 
and approving potential habitat expansion actions, including: 

 HEA Evaluation Criteria (Section 4.1.1 of the HEA), 

 HEA Selection Criteria (Section 4.1.2 of the HEA), and  

 NMFS Approval Criteria (Section 4.2.3 of the HEA). 

The Steering Committee developed working definitions for the various HEA 
criteria (Appendix F) to facilitate applying these criteria for selecting actions to 
be included in the Draft HEP.  The working definitions drew on the concepts 
captured in the HEA, current scientific literature, recovery plans, and other 
sources.  The Steering Committee requested feedback on the working definitions 
from NMFS, the HEA signatories, and other stakeholders to further develop 
these definitions in order to consistently apply the criteria when identifying, 
evaluating, and recommending habitat expansion actions.  Based on comments 
received, the Steering Committee revised the working definitions and presented 
them to the HEA signatories and other interested stakeholders at the August 12, 
2009 informational meeting.  No further comments were received on the revised 
definitions during preparation of the Draft HEP.2  The working definitions 
provided transparency in the application of the criteria as written in the HEA. 

The Working Definitions of Evaluation, Selection, and Approval Criteria are 
available on the HEA website and are presented in Section F.2 of Appendix F. 

2.2.1 Applying HEA Evaluation Criteria 

Section 4.1.1 of the HEA identifies that “the Licensees shall use the…non-
exclusive and non-prioritized Evaluation Criteria to screen potential habitat 
expansion action(s) and develop a preliminary list of viable actions.”  Evaluation 
Criteria scores were applied to the actions in the Short List of Potential Actions 
to develop a Ranked Preliminary List of Viable Actions.   

In general, a scale of 1 to 5 was used to score how each action met each of the 17 
HEA Evaluation Criteria.  No zero values were used in this scoring process.  If 
an action fully met a criterion, it was given a score of 5.  If an action failed to 
meet a criterion, it was given a score of 1.  The intermediate degree to which 
actions did or did not meet a criterion determined a score of 2, 3, or 4. The 
detailed scoring rationale for each of the Evaluation Criteria is described in 
Appendix F. 

                                                      
2 NMFS provided an additional comment to the Steering Committee regarding the working definitions (Evaluation 
Criterion [n]) in its comment letter on the Draft HEP.  The Steering Committee incorporated this comment in the 
working definitions. 
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Scoring the Short List of Potential Actions by the HEA Evaluation Criteria 
resulted in the Ranked Preliminary List of Viable Actions found in Appendix B4. 

2.2.2 Applying HEA Selection Criteria 

Section 4.1.2 of the HEA explains that “[a]fter developing a preliminary list of 
viable habitat expansion action(s) using the Evaluation Criteria set forth in 
Section 4.1.1…, the Licensees shall use the…non-prioritized Selection Criteria to 
select recommended habitat expansion action(s) for implementation.”  After the 
HEA Evaluation Criteria were applied, the Ranked Preliminary List of Viable 
Actions was re-evaluated.  Some actions were removed because the actions were 
(1) already completed; (2) addressed in other actions on the list; (3) not viable; or 
(4) not eligible under Section 3.2 of the HEA.  Selection Criteria scores were 
applied to the remaining actions, resulting in the Ranked List of Viable Actions.  

Consistent with the methodology used for the Evaluation Criteria, a scale of 1 to 
5 was used to score how well each action met each of the Selection Criteria.  No 
zero values were used in this scoring process. The detailed scoring rationale for 
each of the Selection Criteria is described in Appendix F. 

The scores resulting from application of the four Selection Criteria were 
weighted using the Evaluation Criteria scores and then normalized in order to 
identify which actions best met these two elements of the HEA.  Additional detail 
on the process and the results of scoring the Ranked List of Viable Actions by the 
Selection Criteria are found in Appendix F and Appendix B5, respectively. 

2.3 Actions Recommended in the Draft HEP 

The process described above resulted in two groups of habitat expansion and 
enhancement actions that were included as recommended actions in the Draft 
HEP:  (1) the Lower Yuba River Habitat Expansion Actions (Lower Yuba River 
Actions); and (2) the Battle Creek, Big Chico Creek, and Antelope Creek Habitat 
Expansion Actions (Three-Creek Actions).  The Draft HEP described each 
action, stated why each was being recommended, and discussed potential issues 
related to their review under the HEA.   

As described previously, the Licensees evaluated a large number of potential 
actions for possible inclusion in the Draft HEP.  The Licensees considered the 
recommended groups of actions to be the best combination of actions to put 
forward at the time to meet the HET and to ensure the success of the HEA in 
expanding habitat for spring-run Chinook salmon.  On November 20, 2009, the 
Licensees submitted the Draft HEP for review and comment by the HEA 
signatories and other stakeholders, as required by Section 4.1.3 of the HEA.   



California Department of Water Resources and 
Pacific Gas and Electric Company 

 Chapter 2.  Development of the
Habitat Expansion Plan

 

 
Habitat Expansion Agreement 
Final Habitat Expansion Plan  

 
2-8 

November 2010

ICF 00854.08

 

2.4 Development of the Final HEP 

2.4.1 Comments Received on the Draft HEP 

Section 4.1.3 of the HEA provides a 90-day comment period on the Draft HEP 
for signatories to the HEA and directly affected third parties.  The Licensees 
distributed the Draft HEP to the HEA signatories and a broad list of other parties, 
including other stakeholders and parties who had requested to review the plan or 
who had participated in developing the plan.  In addition, the Draft HEP was 
posted to the HEA website. 

Eighteen comment letters or emails were received.  All of the HEA signatories, 
except for the Forest Service, submitted written comments on the Draft HEP.  
Comments also were received from a number of county and local agencies, 
public interest groups, non-government organizations (NGOs), and landowners.   
All of the comment letters received were posted to the HEA website.  Each of the 
comment letters was categorized, and each comment was numbered and entered 
into a table (Appendix G) to facilitate responding to each comment received. 

Many of the comments supported either or both of the actions recommended in 
the Draft HEP.  However, significant comments were raised regarding the 
interpretation and application of the HEA terms and conditions.  In its comment 
letter on the Draft HEP, NMFS recommended that the Licensees request an 
extension of 6 months to complete the Final HEP to allow NMFS to (1) confer 
with the Licensees and other parties regarding the NMFS opinion that the Draft 
HEP was deficient; and (2) introduce “new information and another alternative 
that NMFS believes will meet the requirements of the HEA” (see comment letter 
FED1 in Appendix G). 

2.4.2 Six-Month Extension 

Section 5 of the HEA allows for the Licensees or NMFS to request from each 
other an extension of time in order to achieve deadlines specified in the HEA and 
further states that the request should be granted if good cause exists.  Although 
the Licensees did not agree with several comments and conclusions presented in 
comments from NMFS on the Draft HEP, the Licensees agreed that an extension 
of time was necessary to address the comments, review the new information on 
the NMFS proposed action, and work toward developing a Final HEP. 

The Licensees met with NMFS staff on April 28, 2010, to discuss comments 
from NMFS on the Draft HEP and to discuss a strategy and goals for the 
proposed 6-month extension.  On May 5, 2010, the principals from NMFS 
(regional director) and each of the Licensees (deputy director [DWR] and vice-
president [PG&E]) met to further discuss the 6-month extension.  During these 
meetings, the Licensees and NMFS agreed that the primary areas of significant 
concern identified in the NMFS comment letter were: 
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 eligibility of the actions recommended in the Draft HEP; 

 the methodology used to estimate the contribution to the HET; and 

 application of the HEA Evaluation and Selection Criteria, particularly with 
regard to the definitions, weighting, and scoring. 

The Licensees and NMFS agreed that additional time was needed to address 
these and other concerns, further develop the recommended actions in response 
to comments received and new information obtained since the Draft HEP was 
issued, and evaluate new information on an Upper Yuba River action.  To 
achieve these objectives, the Licensees and NMFS agreed to the following 
actions during the 6-month extension: 

 The Licensees would notify the HEA signatories of the 6-month extension as 
required by the HEA. 

 The Licensees would review with NMFS the methodology used by the 
Licensees to estimate contribution of an action to the HET. 

 The Licensees would further develop the actions recommended in the Draft 
HEP—informed by comments received and by conferring with the HEA 
signatories, directly affected third parties, and other interested parties—and 
would incorporate additional information that had become available during 
the 6-month period. 

 NMFS would clarify its proposed action in the Upper Yuba River watershed 
based on new and anticipated information being developed.  The Licensees 
would then reevaluate the proposed Upper Yuba River action, in accordance 
with the terms and conditions of the HEA, and determine whether the action 
should be recommended in the Final HEP. 

 The principals from NMFS and the Licensees would meet again to review 
the progress made on determining actions to be recommended in the Final 
HEP. 

 The Licensees would prepare responses to comments received on the Draft 
HEP and prepare a Final HEP for anticipated submittal to NMFS by 
November 20, 2010. 

On September 8, 2010, the principals from NMFS (regional director) and each of 
the Licensees (deputy director [DWR] and vice-president [PG&E]) met to 
discuss progress toward developing the Final HEP, including the topics listed 
above.   
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2.4.3 Activities during the 6-Month Extension 

2.4.3.1 Communication with HEA Signatories 

On May 18, 2010, the Licensees sent a formal request to NMFS for a 6-month 
extension on the deadline to submit a Final HEP.  The request outlined the 
objectives described above.  In a letter dated June 1, 2010, that cited good cause, 
NMFS approved the request for an extension and the plan to proceed with 
development of a Final HEP.  The HEA signatories were sent copies of both 
letters, which also were posted on the HEA website, to inform them of the 
extension.   

In May and June 2010, the Steering Committee held conference calls with 
representatives of each of the HEA signatories to inform them of the planned 
actions to be undertaken during the 6-month extension, update them on new 
information received since the Draft HEP was issued, and request any available 
updates.  The Licensees also asked each of the HEA signatories whether there 
was interest in meeting with all stakeholders or whether they were sufficiently 
informed on the plan for the extension.  None of the HEA signatories expressed 
interest in a group meeting. 

2.4.3.2 Review of Methodology Used to Estimate 
Contribution to the HET 

The Steering Committee met with NMFS staff on two occasions (May 12 and 
July 21, 2010) to clarify the methodology used by the Licensees in the Draft HEP 
to estimate contribution to the HET.  During these meetings, the Steering 
Committee also discussed comments received on the Draft HEP and informed 
NMFS about the development of recommended actions for the Final HEP. 

May 12, 2010 Meeting 

The Steering Committee met with NMFS staff on May 12, 2010.  The purpose of 
the meeting was to review the methodology used by the Licensees in the Draft 
HEP for estimating contribution to the HET, discuss subsequent refinements to 
the method, provide an update on the actions recommended in the Draft HEP, 
and discuss potential actions in the Upper Yuba River that could fulfill the 
requirements of the HEA.   

Methodology of Estimating Contribution to the HET 
At the meeting, the Steering Committee reviewed the rationale for the 
methodology used by the Licensees to estimate the contribution of an action to 
the HET, the structure of the method, the assumptions used, and the specific 
results.  The Steering Committee also presented the results of an independent 
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estimate of contribution to the HET conducted by Dr. Gregory B. Pasternack,3 
Estimate of the Number of Spring-Run Chinook Salmon That Could Be Supported 
by Spawning Habitat Rehabilitation at Sinoro Bar on the Lower Yuba River, 
dated July 2, 2010 (Appendix H).  Dr. Pasternack used an independent 
methodology to determine spawner density in the Lower Yuba River.  His report 
provides a description of the methodology used, the rationale for its use, and the 
specific results yielding a range of estimates based on different assumptions 
about the target area and the occurrence and behavior of spring-run Chinook 
salmon in the Central Valley.  The Steering Committee also provided an update 
on the continued development of the actions recommended in the Draft HEP.   

Upper Yuba River Actions 
NMFS discussed potential actions for the reintroduction of spring-run Chinook 
salmon in the Upper Yuba River watershed.  Discussions on the Upper Yuba 
River reintroduction plan included a review of the report, Yuba River Fish 
Passage, Conceptual Engineering Project Options, prepared for NMFS by MWH 
in February 2010.  NMFS also previewed its draft HEA questionnaire that was 
later submitted to the Steering Committee on June 29, 2010 (Appendix I).  The 
discussion and the questionnaire outlined plans for further studies, including 
habitat modeling using Stillwater’s RIPPLE model, development of a 
reintroduction plan by R2 Resources, and ongoing work with the Yuba Salmon 
Forum.  The Yuba Salmon Forum, originally known as the Yuba River Multi-
Party Forum, is an effort by NMFS to pull together numerous stakeholders to 
identify, evaluate, and seek implementation of effective actions to achieve viable 
anadromous salmonid populations in the Upper Yuba River watershed. 

At the end of the meeting, NMFS requested a follow-up meeting with additional 
NMFS technical staff.  The identified objectives were for the Steering Committee 
to explain the methodology used to estimate the contribution to the HET to a 
larger group of NMFS technical staff and for Dr. Pasternack to personally present 
his independent estimates of potential spawning density at Sinoro Bar to NMFS 
staff. 

July 21, 2010 Meeting 

The Steering Committee met with NMFS technical staff on July 21, 2010.  The 
purposes of the meeting were primarily to (1) review again the method used by 
the Licensees to estimate contribution to the HET with an extended audience 
from NFMS technical staff; (2) provide an opportunity for NMFS technical staff 
to question Dr. Pasternack on the results of his independent estimates of 
spawning density at Sinoro Bar; and (3) discuss potential actions in the Upper 
Yuba River that potentially could fulfill the requirements of the HEA.  NMFS 

                                                      
3 Gregory B. Pasternack, PhD, M.ASCE is a professor of watershed hydrology and geomorphology at the 

University of California, Davis.  Dr. Pasternack has been involved with the Lower Yuba River for several years 
prior to the HEA; his expertise as a geomorphologist with specialized knowledge of the Lower Yuba River is 
broadly acknowledged.  From 2003 to 2008, Dr. Pasternack was funded by the Anadromous Fish Restoration 
Program (AFRP) to study flow and habitat relationships, and how these relationships affect fish production 
processes in the stream. 
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had submitted an HEA questionnaire on June 29, 2010 (Appendix I), describing 
salmon reintroduction options in the Upper Yuba River watershed.  

Methodology of Estimating Contribution to the HET 
As requested by NMFS, the Steering Committee asked Dr. Pasternack to present 
the results of his July 2010 report estimating the number of spring-run Chinook 
salmon that could be supported by expansion of spawning habitat at Sinoro Bar.  
This presentation allowed NMFS technical staff to query Dr. Pasternack not only 
on his report but also on the extent of his knowledge related to the Lower Yuba 
River obtained through work with the resource agencies and other stakeholders, 
both academically and professionally.  Extensive discussion on the Lower Yuba 
River and the potential HEA actions followed.  The group discussed the 
availability of spawning, rearing, and holding habitats; limiting factors; and the 
definition of spring-run versus fall-run Chinook salmon. 

The Steering Committee followed Dr. Pasternack’s presentation with a 
presentation on the methodology it used to estimate contribution to the HET; the 
structure of the method, including the assumptions used; and the specific results. 

The Steering Committee noted the comments and questions received at the 
meeting, which were later considered in development of the Final HEP.  During 
the meeting, NMFS asked its staff to provide written comments on both the 
methodology used by the Licensees to estimate contribution to the HET and the 
estimates of potential Chinook salmon spawning at Sinoro Bar in Dr. 
Pasternack’s report.  The Steering Committee requested that NMFS send its 
comments (if any) to the Steering Committee; no comments were received. 

Upper Yuba River Actions 
Following the presentations by Dr. Pasternack and the Steering Committee, 
NMFS gave a presentation on their ongoing efforts to reintroduce anadromous 
salmonids in the upper Yuba River watershed.  The discussion detailed plans for 
further studies, including habitat modeling by Stillwatwer Sciences using its 
RIPPLE model and development of a reintroduction plan by R2 Resources 
consultants.  Stillwater Sciences also gave a presentation on the model, its 
application to the Upper Yuba River watershed, and ongoing data collection.   

The group discussed the various scenarios and components presented in the HEA 
questionnaire on the Upper Yuba River Actions, the possibility of doing a pilot or 
experimental project under the HEA, the timeframe for completion of NMFS 
ongoing studies, the potential use of Feather River Hatchery fish for the initial 
phase of the reintroduction, and the significant number of river miles available as 
possible anadromous fish habitat in the Upper Yuba River watershed. 
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2.4.3.3 Further Development of Recommended 
Actions 

One of the objectives of the 6-month extension was to give the Licensees the 
opportunity to respond to comments received on the Draft HEP and to evaluate 
new information in order to further develop the actions recommended in the 
Draft HEP.  The following sections provide a follow-up on the status of the 
Three-Creek Actions and development of the Upper and Lower Yuba River 
Actions. 

Removal of Three-Creek Actions 

The Licensees removed the Three-Creek Actions from consideration in the Final 
HEP because the individual actions have been fully or partially funded by other 
sources, or funding appears to be imminent.  The funding status for each action is 
described below. 

 Battle Creek Actions.  DFG has identified full funding for the Battle Creek 
Actions (i.e., Phase 2 of the Battle Creek Salmon and Steelhead Restoration 
Project).  Funding is currently being secured.  (Berry pers. comm.) 

 Antelope Creek Action.  As documented during a teleconference with DFG 
(Bratcher pers. comm.), the AFRP will provide full funding for Paynes 
Crossing in Fiscal Year 2010-2011.  The Antelope Creek Action will be 
implemented by DFG in summer 2011. 

 Big Chico Creek Action.  Partial funding for restoration of the Iron Canyon 
fish ladder has been obtained (Strachan pers. comm.).  Providing funding for 
the remainder of this project would not result in a significant contribution to 
the HET; thus, the Licensees eliminated this action from consideration.  

 
Should the status of anticipated funding change before approval of the Final HEP 
by NMFS, the Licensees may reconsider recommending these actions for 
implementation under the HEA. 

Yuba River Actions 

Two broad action areas in the Yuba River remained under consideration:  the 
Lower Yuba River and the Upper Yuba River, separated by Englebright Dam at 
approximately river mile4 (RM) 23 (Figure 2-1).  The Upper Yuba River includes 
the South, Middle, and North forks of the Yuba River and associated dams and 
reservoirs.  Englebright Dam blocks passage of anadromous fish into the Upper 
Yuba River.  The Lower Yuba River extends downstream from Englebright Dam 
to the confluence with the Feather River.  The Lower Yuba River is divided by 
Daguerre Point Dam at approximately RM 11.  Daguerre Point Dam has passage 
facilities for anadromous fish.  

                                                      
4 River miles are based on measurement following the valley centerline rather than the stream thalweg. 
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While the Yuba River has great potential to expand habitat for spring-run 
Chinook salmon and steelhead, it also presents great challenges.  Historically, the 
Yuba River was a major producer of Chinook salmon (Yoshiyama et al. 1998).  
The current capability of the Yuba River to support spring-run Chinook salmon 
has been greatly diminished by the ravages of past mining activity, ongoing 
agriculture, and the effects of construction and operation of dams throughout the 
system (NMFS 2009).  Englebright Dam, constructed in 1941, forms a complete 
barrier to passage of anadromous fish and eliminated 76 percent of Chinook 
salmon habitat in the Yuba River drainage (Pasternack et al. 2010).  Addressing 
the full range of needs in the Yuba River system is far beyond the scope of the 
HEA.  To be effective, the HEA must concentrate on a portion of the watershed 
where actions are most likely to provide timely and effective benefits to spring-
run Chinook salmon and steelhead.  

The following sections describe the refinement of the Lower Yuba River Actions 
based on comments received and new information obtained since the Draft HEP 
was issued, and the re-evaluation of potential actions in the Upper Yuba River.   

Lower Yuba River 
Refinement of Lower Yuba River Actions 
Major activities related to the Lower Yuba River Actions that were undertaken 
by the Licensees since the Draft HEP was issued focused on: 

 re-evaluating and refining the estimated contribution to the HET; 

 determining the conditions under which use of a segregation weir may be 
appropriate; 

 obtaining more detailed information on the activities planned by the U.S. 
Army Corps of Engineers (Corps) at both Englebright and Daguerre Point 
Dams that potentially could affect eligibility of the recommended actions; 
and 

 continued communication with stakeholders, including potentially affected 
landowners. 

During the 6-month extension, the Licensees also implemented the following 
activities, primarily related to outreach, and gathering and reviewing new 
technical information in support of the Lower Yuba River Actions that was not 
available during preparation of the Draft HEP: 

 Commissioned the report by Dr. Pasternack, Estimate of the Number of 
Spring-Run Chinook Salmon That Could Be Supported by Spawning Habitat 
Rehabilitation at Sinoro Bar on the Lower Yuba River (Pasternack 2010a) 
(Appendix H) to provide an independent estimate of the number of spring-
run Chinook salmon that could be supported by spawning habitat in the 
Sinoro Bar area below Englebright Dam.  

 Developed a draft concept for an adaptive management plan (AMP) in 
response to comments received from DFG and other HEA signatories on the 
optional segregation weir component of the Lower Yuba River Actions.  The 
Steering Committee met with DFG on July 16 and September 27, 2010, to 



California Department of Water Resources and 
Pacific Gas and Electric Company 

 Chapter 2.  Development of the
Habitat Expansion Plan

 

 
Habitat Expansion Agreement 
Final Habitat Expansion Plan  

 
2-15 

November 2010

ICF 00854.08

 

review the proposed concept and seek input from DFG.  A copy of the 
conceptual AMP is included in Appendix J. 

 Conducted a field visit on June 30, 2010, with representatives from the Corps 
to Englebright Dam, Sinoro Bar, and Daguerre Point Dam to obtain an 
overview of current and planned activities related to restoration by the Corps 
in the Lower Yuba River. 

 Solicited temporary entry permits from private landowners for the purpose of 
providing an option for accessing Sinoro Bar and Narrows Gateway (sites of 
the currently recommended spawning habitat expansion actions) to complete 
preliminary design and environmental reports that would be required in the 
event that these actions are approved for implementation.   

 Met with the Yuba County Water Agency (YCWA) on August 17, 2010, to 
provide an update on the development of potential actions in the Lower Yuba 
River and discuss potential habitat expansion actions in the Upper Yuba 
River. 

 Updated the Yuba Accord River Management Team (RMT) on the Lower 
Yuba River Actions at a meeting on August 18, 2010.  The RMT is charged 
with implementing a detailed study program for the Lower Yuba River as 
specified in the Lower Yuba River Accord (Yuba Accord).  The meeting also 
served as a forum for the RMT to provide feedback on the Lower Yuba River 
Actions based on ongoing studies by the RMT.  The draft report prepared for 
the South Yuba River Citizens League (SYRCL) by cbec, inc. eco 
engineering, Rehabilitation Concepts for the Parks Bar to Hammon Bar 
Reach of the Lower Yuba River (cbec 2010), also was discussed at the 
meeting. 

 Reviewed the Friends of Deer Creek report Gravel Augmentation for 
Salmonids and Other Aquatic Life in Lower Deer Creek:  Gravel 
Augmentation Plan (Friends of Deer Creek no date) to understand the 
potential effects of their gravel augmentation plan on the Lower Yuba River 
Actions. 

 Attended the RMT’s 2nd Annual Lower Yuba River Symposium on Fisheries 
Monitoring and Evaluation in the Lower Yuba River, on June 29, 2010.  The 
symposium was attended by representatives of the resource agencies and 
other stakeholders engaged in implementation of the Yuba Accord.  The 
Yuba Accord provides for $5.5 million through 2016, primarily for 
monitoring and evaluation of Lower Yuba River fisheries and habitat.  The 
symposium serves as the public review of the results of the RMT monitoring 
and evaluation efforts. 

 Reviewed a report prepared for the Corps by Dr. Pasternack, Gravel/Cobble 
Augmentation Implementation Plan (GAIP) for the Englebright Dam Reach 
of the Lower Yuba River, CA (Pasternack 2010b). 

 Commissioned a second report by Dr. Pasternack Estimate of the Number of 
Spring-Run Chinook Salmon Supportable by River Rehabilitation in the 
Narrows Reach of the Lower Yuba River (Appendix K) (Pasternack 2010c) to 
provide an independent analysis of the number of spring-run Chinook salmon 
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that could be supported by expanding the spawning habitat at additional 
locations in the Narrows Reach of the Lower Yuba River. 

 Reviewed a report prepared by the Corps, Draft Environmental Assessment 
for the Lower Yuba River Gravel Augmentation Project Yuba and Nevada 
Counties, California (Corps 2010). 

 Identified six juvenile rearing habitat expansion sites (Appendix L) and 
further developed them as potential restoration actions (i.e., fewer targeted 
sites and more detailed plans). 

Modified Lower Yuba River Actions 
The Lower Yuba River Actions defined in the Draft HEP were modified based 
on new information obtained from the activities described above.  These 
modifications are listed below. 

 The Deer Creek gravel augmentation component was removed from 
consideration due to concerns from DFG regarding the attraction of spring-
run Chinook salmon into Deer Creek.  Water temperatures and water quality 
in Deer Creek are not conducive to supporting spring-run Chinook salmon. 

 The juvenile habitat restoration actions were removed from the Licensees’ 
recommended actions because their contribution to the HET was low relative 
to that of the spawning habitat expansion actions.   

 An additional spawning habitat expansion site was identified in the Narrows 
Reach (Narrows Gateway) and included as a component of the recommended 
actions.   

 As noted above, a draft concept for an AMP was developed to address 
concerns raised by several parties regarding the option to install a seasonally 
operated segregation weir (Appendix J).   

The modified Lower Yuba River Actions are described in more detail in 
Chapter 3.  The newly defined Lower Yuba River Actions were scored based on 
application of the HEA Evaluation and Selection Criteria as had been done 
previously for all other actions.  The results of that scoring are presented in 
Appendix F. 

Upper Yuba River 
Re-Evaluation of Potential Actions in the Upper Yuba River 
Watershed 
NMFS comments on the Draft HEP included a request that potential actions in 
the Upper Yuba River watershed be re-evaluated based on additional information 
provided by NMFS since release of the Draft HEP.  NMFS promoted potential 
actions related to the reintroduction of spring-run Chinook salmon into the Upper 
Yuba River watershed throughout the process of preparing the HEP.  On June 29, 
2010, NMFS submitted an HEA questionnaire detailing a comprehensive Upper 
Yuba River reintroduction plan.  NMFS suggested that selected components of 
the Upper Yuba River reintroduction plan could be implemented to meet the 
goals of the HEA (Wantuck pers. comm.). 



California Department of Water Resources and 
Pacific Gas and Electric Company 

 Chapter 2.  Development of the
Habitat Expansion Plan

 

 
Habitat Expansion Agreement 
Final Habitat Expansion Plan  

 
2-17 

November 2010

ICF 00854.08

 

The HEA questionnaire submitted by NMFS proposed reintroduction of spring-
run Chinook salmon and steelhead into the Upper Yuba River above Englebright 
Dam by trapping and transporting adult and juvenile fish around the dams and 
reservoirs in the North, Middle, and South Yuba River tributaries.  The 
reintroduction plan calls for (1) constructing facilities at Daguerre Point Dam to 
collect and hold adult fish; (2) transporting adult fish to release points in the three 
tributaries; (3) constructing and operating state-of-the-art facilities for collecting 
downstream migrating juveniles; and (4) transporting juveniles for release 
downstream.  Extensive monitoring to evaluate adult and juvenile fish movement 
in the Yuba River and the success of the program also was included in the 
proposed reintroduction plan.  

Re-evaluation of potential actions in the Upper Yuba River watershed by the 
Licensees included the following activities that were in addition to those 
performed when developing the Draft HEP: 

 Reviewed the Yuba River Fish Passage, Conceptual Engineering Project 
Options, prepared for NMFS by MWH, dated February 2010 (MWH 2010).   

 Reviewed the HEA questionnaire describing the Upper Yuba River 
reintroduction options (i.e., Upper Yuba River Actions) that was submitted 
by NMFS on June 29, 2010 (Appendix I). 

 Selected actions from the HEA questionnaire that potentially could meet the 
terms and conditions of the HEA (described below), and applied the HEA 
Evaluation and Selection Criteria to those actions (see Appendix F).  

 Monitored the progress of the Yuba Salmon Forum and solicited input from 
key stakeholders (YCWA and the Corps). 

Results from the following related studies commissioned by NMFS and 
referenced in the questionnaire were not available for consideration in developing 
this Final HEP: 

 RIPPLE modeling being conducted by Stillwater Sciences to determine the 
capacity of the Upper Yuba River watershed for spring-run Chinook salmon 
(anticipated completion date is November 2010; however, the report was not 
available when the Final HEP was issued); and 

 a detailed reintroduction plan for spring-run Chinook salmon to the Upper 
Yuba River, to be conducted by R2 Resources (anticipated completion date is 
December 2010).  

The Licensees carefully evaluated the available options for an Upper Yuba River 
reintroduction program.  The Steering Committee extracted potential actions 
from the proposed plan that focused on reintroduction of spring-run Chinook 
salmon and steelhead into the North Yuba River above New Bullards Bar 
Reservoir, as the North Yuba River seems to present the best opportunity for a 
reintroduction program.  These actions are referred to as the Upper Yuba River 
Actions.   
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Upper Yuba River Actions 
The Upper Yuba River Actions include: 

 constructing an adult collection facility at Daguerre Point Dam, 

 transporting up to 3,000 adult spring-run Chinook salmon (the amount 
required to achieve the HET) and an undetermined number of steelhead from 
Daguerre Point Dam to release locations above New Bullards Bar Reservoir,  

 constructing juvenile collection facilities in the North Yuba River or in upper 
New Bullards Bar Reservoir, and 

 transporting the juveniles for release below Englebright Dam. 

These actions would be maintained for an approximately 50-year term to meet 
the requirements of the HEA. 

The Upper Yuba River Actions were scored against the HEA Evaluation and 
Selection Criteria.  The results of that scoring, along with scoring for the original 
reintroduction action and the Lower Yuba River Actions, are presented in 
Appendix F.  The Upper Yuba River Actions scored significantly lower than the 
Lower Yuba River Actions for all criteria combined.   

Based on the scoring and some of the key points discussed below, which are 
grounded in the specific language of the HEA, the Licensees could not 
recommend the Upper Yuba River Actions for consideration under the HEA.   

Key points include: 

 length of time to implement; 

 feasibility, sustainability, and lack of volitional passage; 

 cost effectiveness; and  

 source of broodstock. 

Each of these points is discussed below. 

Length of Time to Implement. A clear intent of the HEA is that the selected 
actions be implemented in a timely manner to benefit salmon and steelhead as 
soon as possible.  Evaluation Criterion (h) in Section 4.1.1 of the HEA addresses 
the issue of timing:  “acceptable length of time to implement (earlier gains are 
favored over later gains).”  The following working definition was developed for 
this criterion (found in Appendix F):  

Sacramento River spring-run Chinook salmon are in need of immediate 
assistance to support their recovery. Thus, factors important to the success 
of a project include not only the length of time to implement the project but 
also the length of time to realize benefits. Thus, “shovel-ready” projects 
(i.e., those projects for which implementation can begin within 
approximately 5 years) will be favored.  ‘Implementation’ means initiation 
of construction after approval of the Final HEP. 
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The more favorable projects are those that need minimal additional public 
process…  In addition, projects that benefit spring-run Chinook within a 
relatively short period of time (e.g., approximately 10 years or less) will be 
favored.  …  [P]rojects that can be implemented sooner and realize benefits 
within a relatively short period will be preferred. 

Any program to reintroduce anadromous fish into the Upper Yuba River Basin 
must occur in the context of ongoing and planned legal proceedings and with the 
cooperation of resource agencies, water users, and additional stakeholders.  
Several hydroelectric projects in the Upper Yuba River are the subject of ongoing 
or pending FERC relicensing proceedings (e.g.,  Nevada Irrigation District’s 
Yuba-Bear Project (anticipated final application submittal April 2011), PG&E’s 
Drum-Spaulding Project (anticipated final application submittal April 2011), and 
YCWA’s Yuba River Development Project (current license expires 2016). 

NMFS has convened the Yuba Salmon Forum to bring stakeholders together, in 
part to discuss the issues related to implementation of a reintroduction plan for 
anadromous salmonids in the upper watershed.  To date, key agencies, including 
YCWA and DFG, have not endorsed the concept of a trap-and-transport program 
for anadromous fish reintroduction above Englebright Dam; therefore, the action 
does not yet have tangible evidence of “favorable local/political support” 
(Evaluation Criterion [i] of the HEA).  Nor have the affected parties agreed that 
the reintroduction program would be consistent with “other resource uses such as 
water supply, public safety, flood control, recreation and power production” 
(Evaluation Criterion [l] of the HEA).   

The Licensees recognize that reintroduction of anadromous fish into the Upper 
Yuba River will require extensive negotiations among the parties associated with 
relicensing of projects in the Upper Yuba River.  It is not unreasonable to assume 
that a reintroduction program of this scale could take at least 10 years to reach 
the implementation stage, once agreement is obtained on the specific actions to 
be taken.  Recent projects on the Klamath River and Battle Creek support such an 
assumption. On the Klamath River, in February 2010, the Klamath Basin 
Restoration Agreement and Klamath Hydroelectric Settlement Agreement, which 
stipulates implementation over the next 10 years, was signed after years of 
negotiation.  Planning for the Battle Creek Restoration Project for Salmon and 
Steelhead began in the mid 1990s.  The project was memorialized in a 
Memorandum of Understanding signed voluntarily, outside of a relicensing 
proceeding, by the project partners in 1999 and began construction in 2010.      

Feasibility, Sustainability, and Lack of Volitional Passage.  The clear intent of 
the HEA is that the selected actions would favor: 

 proven rather than experimental techniques (Evaluation Criterion [a] of the 
HEA); 

 supporting a self-sustaining population of spring-run Chinook salmon and 
steelhead (Evaluation Criterion [c] and Approval Criterion [c] of the HEA); 
and  
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 volitional passage with minimal human intervention (Evaluation Criterion [e] 
of the HEA).   

Evaluation Criterion (a) requires evaluating the feasibility of potential actions:  
“favorable feasibility (technically feasible; supported by accepted science; low 
potential for disease and other risks; proven actions are favored over 
experimental actions).”  As noted in the working definition for this criterion 
(found in Appendix F): 

Actions/projects should have a high likelihood of success.  The type of 
action should be technically feasible, with a proven track record of results in 
similar settings.  There should be a high degree of scientific support both in 
terms of the feasibility of the action and its potential contribution to the 
Habitat Expansion Threshold (HET). 

Successful programs exist in the Pacific Northwest to trap and transport 
anadromous fish around natural and artificial barriers.  There is no precedent for 
a trap and transport of spring-run Chinook in California.  However, every 
successful program has been the result of an extensive developmental period, 
often lasting decades, involving the use of prototypes and other experiments in 
order to devise facilities and operations that meet the biological needs of the 
transported fish, as well as the hydrologic and geographical features of the site. 
From the report prepared for NMFS by MWH (2010), “Regardless of which fish 
passage option is selected, an interim or pilot program would likely be 
established to determine the overall feasibility of the reintroduction of 
anadromous fish into the upper Yuba River watershed. …Evaluations of 
successful spawning and rearing prior to any large scale construction activity are 
recommended to justify the actual cost and benefit of the passage facilities.”   

Any reintroduction program in the Upper Yuba River would need to start in an 
experimental mode and, therefore, would not provide the timely and sustainable 
increase in habitat potential envisioned in the HEA.  For example, there is no 
readily apparent way to effectively collect downstream migrating smolts in New 
Bullards Bar Reservoir or in the North Yuba River.  Development of a facility 
and techniques to collect juvenile fish would be a biological and engineering 
challenge.  Furthermore, the Licensees are unable to promote an experimental 
program with an uncertain outcome for an approximately 50-year term to meet 
the requirements of the HEA. 

Evaluation Criterion (c) requires evaluating the sustainability of the potential 
actions:  “favorable sustainability of action.”  As described in the working 
definition of this criterion (found in Appendix F): 
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The intent of the HEA is to create “permanent” solutions to problems, or at 
least to provide benefits through the term of a typical FERC license (i.e., up 
to 50 years).  Where possible, projects should address the root cause of 
current habitat constraints rather than dealing with their symptoms or 
surface expression and should consider the potential effects of climate 
change.  Once implemented, projects ideally would be self-sustaining (i.e., 
requiring a minimum amount of maintenance over the long term).  In 
conjunction with Evaluation Criterion (e), projects providing volitional 
access for fish to currently unoccupied habitat would likely be considered 
more sustainable than passage projects requiring high levels of human 
intervention.   

Trap-and-transport operations are not sustainable, given the need for annual 
trapping and transport activities.  Moreover, there is a potentially high carbon 
footprint from such a long-term transport operation.  It is an entirely artificial 
means to circumvent migrational barriers that requires a high level of human 
intervention. 

Cost Effectiveness.  Evaluation Criterion (d) considers the cost effectiveness and 
economic feasibility of potential actions:  “favorable cost effectiveness and 
economic feasibility (including consideration of costs necessary to operate and 
maintain the expansion).”  As described in the working definition for this 
criterion (found in Appendix F): 

Project funding under the HEA includes capital cost, operations and 
maintenance (O&M), and project administration.  Projects that show 
efficient use of funds for these cost elements will be favored.  One 
measure of cost effectiveness is the estimated net increase in the 
population of spawning fish (i.e., the contribution toward the HET) 
versus the total cost of the action.  Projects that include cost sharing, 
labor sharing, or other measures that allow the HEP to leverage funds, 
while making meaningful change, would also be favored. 

The HEA signatories recognized that cost is a “key consideration” of the 
agreement and committed to a “good faith effort to achieve the Habitat 
Expansion Threshold at the least cost to the Licensees” (Section 10 of the HEA).  
The Licensees are allowed to withdraw from the HEA if the life-cycle cost of the 
habitat expansion actions exceeds $15 million for both Licensees combined 
(Section 11.1 of the HEA).  This cost is not intended as a cap but to provide a 
decision criterion for the Licensees and to emphasize that cost is a legitimate 
consideration in implementation of the agreement.   

Cost effectiveness is a criterion for evaluation of HEA projects by the Licensees 
(Section 4.1.1[d] of the HEA) and for selection of actions to be included in the 
HEP (Section 4.1.2[b] of the HEA).  The Licensees scored actions for cost 
effectiveness in terms of the cost required to achieve the HET (Appendix F) (i.e., 
the most cost-effective action is the one that achieves the goal of the HEA for the 
least cost). 
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Because of the expense associated with a trap-and-transport program, the Upper 
Yuba River Actions proposed by NMFS scored poorly in regard to cost 
effectiveness (see Table F-1 in Appendix F).  Even a trap and transport focusing 
only on reintroduction into the North Yuba River would require significant 
capital expenses to construct adult collection facilities at Daguerre Point Dam 
and to devise a juvenile collection facility in the North Yuba River.  Each of 
these facilities would need to be staffed throughout the season, while active 
transport of adults and juveniles would create significant operational expenses 
throughout the term of the obligation under the HEA.   

In theory, it may be possible to partner with the other major stakeholders, for 
example other agencies operating in the watershed.  However, based on the status 
of various relicensing proceedings in the watershed, it is unlikely that 
partnerships with these agencies could be achieved in a reasonable timeframe 
(i.e., within approximately the next 5 years).  Additionally, the Corps does not 
have a mechanism to secure funding for a voluntary effort without congressional 
approval; therefore, a partnership with the Corps is an unlikely scenario. 

As a means to expand habitat to achieve the HET, trap and transport fails in 
regard to cost effectiveness compared to the recommended actions.   

Source of Broodstock.  A key limitation with near-term implementation of a 
reintroduction program is the lack of a clear source of broodstock for a trap-and-
transport operation.  It is questionable whether 2,000 to 3,000 spring-run 
Chinook salmon could be collected at Daguerre Point Dam, and doing so would 
likely extirpate the present population (considered a Core 1 population5 in the 
NMFS Public Draft Recovery Plan) and preclude development of a self-
sustaining spring-run Chinook salmon population in the Lower Yuba River.  
Similarly, removing sufficient steelhead at Daguerre Point Dam to support an 
Upper Yuba River population would negatively affect the Lower Yuba River 
steelhead population.  The only apparent alternative to collecting returning 
spring-run Chinook salmon at Daguerre Point Dam would be to use fish from the 
Feather River Hatchery to start a population in the Upper Yuba River, an option 
with dubious genetic basis.   

2.5 Conclusion 

The Licensees concluded that the Lower Yuba River Actions are most consistent 
with the intent and criteria of the HEA and could be implemented relatively 
quickly to benefit spring-run Chinook salmon and steelhead.  The Upper Yuba 
River Actions, while laudable, presented technical, legal, social, and logistical 
hurdles that would preclude their completion in a timely manner―coupled with 
uncertain prospects for effectiveness.  Furthermore, the Lower Yuba River 
Actions recommended by the Licensees are fully compatible with an Upper Yuba 

                                                      
5 Core 1 populations are defined by NMFS as “populations identified as having the highest priority for recovery 

action implementation based on known ability to support independent populations, thereby contributing to the 
ESU/DPS-level recovery criteria”(the Viable Salmonid Population spatial diversity criteria) (NMFS 2009).   



California Department of Water Resources and 
Pacific Gas and Electric Company 

 Chapter 2.  Development of the
Habitat Expansion Plan

 

 
Habitat Expansion Agreement 
Final Habitat Expansion Plan  

 
2-23 

November 2010

ICF 00854.08

 

River reintroduction program and could serve as a springboard from which to 
launch such actions in the future.  The Licensees suggest that development of a 
viable, self-sustaining population of spring-run Chinook salmon below 
Englebright Dam provides the most biologically robust source of broodstock to 
fuel a reintroduction program once the many technical, legal, social, and 
logistical hurdles are overcome.  The Lower Yuba River Actions represent a 
sizeable contribution to development of a Yuba River spring-run Chinook salmon 
population that is fully supportive of goals in the NMFS Public Draft Recovery 
Plan. 

Chapter 3 describes the recommended Lower Yuba River Actions, and Chapter 4 
presents an in-depth discussion on the rationale for recommending that the Lower 
Yuba River Actions be approved by NMFS under the HEA. 
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Chapter 3 
Recommended Lower Yuba River Actions 

 

  
Lower Yuba River  
(Photo courtesy of William T. Mitchell, ICF International, 2005) 

3.1 Description of Habitat Expansion Actions 

3.1.1 Background 

The Yuba River historically was a major contributor of spring-run Chinook 
salmon to the Sacramento River system.  However, like most of the major 
tributaries to the Sacramento River, the habitat potential of the Yuba River has 
been considerably diminished, by extreme geomorphic alteration resulting from 
hydraulic and dredge mining for gold and then by construction of dams that 
blocked access to major spring-run Chinook salmon spawning areas.  

Construction of Englebright Dam at river mile (RM) 23 blocked access to most 
of the Yuba River system.  Historically, spring-run Chinook salmon production 
areas were in the upper stream reaches, and spring-run Chinook salmon did not 
spawn in the lower river reaches that constitute the currently accessible portion of 
the Yuba River.  In part, this was because conditions below the site of 
Englebright Dam historically were not conducive to production of spring-run 
Chinook salmon; the river was too warm in summer and fall.  However, New 
Bullards Bar Dam on the North Yuba River now releases cold water through 
much of the summer and fall from its very deep reservoir.  Consequently, water 
temperatures below Englebright Dam are now suitable for spring-run Chinook 
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salmon.  Currently, both fall-run and spring-run Chinook salmon spawn below 
Englebright Dam, although the fall-run are far more abundant. 

The primary intent of the Lower Yuba River Habitat Expansion Actions (Lower 
Yuba River Actions, also referred to as the recommended actions) is to provide 
conditions that would encourage development of an independent spring-run 
Chinook salmon population and provide ancillary benefits to steelhead.  
Development of conditions suitable for healthy populations of spring-run 
Chinook salmon and steelhead can be expected to provide benefits to other native 
species, as well.   

The Lower Yuba River Actions would substantially contribute to restoration of 
normative riverine processes in the Lower Yuba River.  These normative 
processes have been severely impacted due to the legacy of historical hydraulic 
mining in the Yuba River watershed, in addition to construction of upstream 
dams including Englebright Dam.  The Lower Yuba River Actions would address 
channel degradation issues and enhance aquatic habitat in the Lower Yuba River, 
primarily for the benefit of spring-run Chinook salmon. 

Individual actions in the Lower Yuba River were proposed to the Steering 
Committee by AFRP, DFG, Friends of Deer Creek, SYRCL, and USFWS.  The 
individually proposed actions led the Licensees to develop three related actions 
that were combined to form the recommended Lower Yuba River Actions.  
During development of the Lower Yuba River Actions, the Licensees consulted 
with the RMT, DFG, and Dr. Pasternack to refine and focus the actions.  
Members of the RMT have expressed their support for the actions.  Their detailed 
evaluation of the Lower Yuba River Actions, as originally envisioned in the 
Draft HEP, is included in Appendix M. 

The recommended Lower Yuba River Actions include two actions to expand 
spawning habitat and an optional action to support segregation of spring-run and 
fall-run Chinook salmon using a seasonally operated segregation weir if deemed 
necessary by the resource agencies (NMFS, USFWS, and DFG).  

3.1.2 Location 

The Lower Yuba River Actions are located on the Lower Yuba River between 
Englebright Dam (RM 23) and a yet to be determined location downstream of the 
Narrows Pool (RM 21) (Figure 3-1).   

One spawning habitat expansion site is located  in the Englebright Dam Reach 
(defined as the Yuba River between Englebright Dam and Deer Creek [RM 22]), 
and one is located in the Narrows Reach (defined as the Yuba River between 
Deer Creek and the outlet of the Narrows Pool).  The proposed site of the 
segregation weir is downstream of the Narrows Pool.   
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Figure 3-1 
Lower Yuba River Habitat Expansion Actions



California Department of Water Resources and 
Pacific Gas and Electric Company 

 Chapter 3.  Recommended 
Lower Yuba River Actions

 

 
Habitat Expansion Agreement 
Final Habitat Expansion Plan  

 
3-4 

November 2010

ICF 00854.08

 

3.1.3 Purpose 

The Lower Yuba River Actions are intended to provide habitat conditions below 
Englebright Dam on the Yuba River that are necessary to promote development 
of a viable, independent population of spring-run Chinook salmon and provide 
ancillary benefits to steelhead.  The recommended actions would enhance 
separation of spring-run and fall-run Chinook salmon in the Lower Yuba River 
by increasing the amount of habitat in the river with characteristics more typical 
of spring-run fish than of fall-run fish.  Implementation of these actions would 
meet the requirements of the HEA, including contribution to the HET (see 
Chapter 4 and Appendix N). 

3.1.4 Recommended Actions 

The Lower Yuba River Actions consist of three individual actions.  These 
actions, when considered as a whole, provide greater benefits relative to the HEA 
criteria than the individual actions considered independently.  Additionally, as 
discussed in Section 4.3.11, these actions contribute to a larger integrated plan 
for management of spring-run Chinook salmon in the Lower Yuba River. 

The recommended Lower Yuba River Actions are as follows: 

 Sinoro Bar spawning habitat expansion – expand spawning habitat in the 
Sinoro Bar geomorphic unit of the Englebright Dam Reach of the Lower 
Yuba River (described in Section 3.3.1);  

 Narrows Gateway spawning habitat expansion – expand spawning habitat in 
the Narrows Gateway geomorphic unit of the Narrows Reach of the Lower 
Yuba River (described in Section 3.3.2); and  

 segregation weir (optional) – plan for, and if deemed necessary by the 
resource agencies (NMFS, USFWS, and DFG), install a seasonally operated 
segregation weir at a location downstream of the Narrows Pool (described in 
Section 3.4).  

The locations of these actions in the Lower Yuba River watershed are shown in 
Figure 3-1. 

The combined actions would promote increased production of spring-run 
Chinook salmon and steelhead by increasing the quantity and quality of 
spawning and rearing habitat.  The HEA directs that actions also should 
encourage separation of spawning spring-run and fall-run Chinook salmon.  The 
Licensees conclude that this goal can be achieved by increasing the amount of 
habitat in the Lower Yuba River with characteristics more typical of spring-run 
fish than fall-run fish.  This would be accomplished by enhancing conditions in 
the upper, higher gradient reaches of the Lower Yuba River (i.e., the Englebright 
Dam Reach and the Narrows Reach).  To prevent the potential for redd 
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superimposition in these reaches, a segregation weir downstream of the Narrows 
Reach is included as an optional action to allow for mechanical separation of the 
two runs.  The inclusion of the segregation weir considerably enhances the value 
of the actions listed above relative to the HEA criteria.  However, consultation 
with DFG and the RMT has indicated that implementation of a weir to separate 
spring-run and fall-run Chinook salmon in a way that benefits spring-run fish 
may not be supported by currently available data.  Ongoing migration and 
genetic studies would provide information on the future value of, or need for, the 
segregation weir.   

3.1.5 Sources 

Representatives of the following organizations were helpful in identifying and 
defining the Lower Yuba River Actions through completed HEA questionnaires 
(Appendix D), meetings, and personal communications:  DFG, Friends of Deer 
Creek, Pacific State Marine Fisheries Commission, the RMT, SYRCL, UC Davis 
(Dr. Gregory Pasternack), USFWS, and YCWA. 

3.2 Context for Action  

3.2.1 Description of the Watershed 

The following description of the Yuba River watershed and the Lower Yuba 
River draws largely on descriptions by YCWA et al. (2007) and California State 
University, Sacramento (2008) with other sources noted.  The Yuba River Basin 
drains approximately 1,340 square miles of the western Sierra Nevada, including 
portions of Sierra, Placer, Yuba, and Nevada Counties.  The Yuba River is a 
tributary of the Feather River, which is a tributary of the Sacramento River.  The 
primary watercourses of the Upper Yuba River watershed are the South, Middle, 
and North Yuba Rivers, which flow into Englebright Reservoir.  The average 
annual unimpaired flow of the Yuba River at Smartsville is 2.45 million acre-feet 
(MAF); however, a significant portion of this water is diverted out of the 
watershed and is not available to the Lower Yuba River.  The annual unimpaired 
flow has ranged from a maximum of approximately 4.9 MAF in 1986 to a 
minimum of approximately 370,000 acre-feet in 1977. 

The Lower Yuba River is approximately 23 miles long and stretches from 
Englebright Dam downstream to the confluence with the Feather River at 
Marysville.  Englebright Dam is an impassable barrier to anadromous fish.  The 
dam was constructed in 1941 to control mining debris and provide flood control.  
Construction of New Bullards Bar Dam on the North Yuba River in 1969 
allowed Englebright Dam operations to switch from flood control to provision of 
water for hydroelectricity, irrigation, and fisheries (NMFS 2007).  The short 
reach immediately below Englebright Dam to the Deer Creek confluence has 
been greatly altered by mining debris and dam operations, and is lacking gravel.  
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Below the confluence with Deer Creek, the Narrows is a step-pool reach with 
significant amounts of alluvial sediment and significant rapids (Pasternack 2008).   

Downstream of the Narrows, the Lower Yuba River consists of alternating runs, 
pools, and riffles.  The river flows through a valley moderately confined by the 
Sierra foothills until it reaches Long Bar (RM 15), where it enters an alluvial 
valley and flows to Daguerre Point Dam (Kozlowski 2004).  This dam, located 
approximately 11 miles downstream of Englebright Dam, was constructed in 
1906 to provide flood control and to trap mining debris (Kozlowski 2004).  The 
purpose of the dam was later modified to include diversion of water for 
irrigation; the entire reservoir behind the dam is presently filled with hydraulic 
mine waste and sediments, and has no water storage capacity (NMFS 2007). 

Daguerre Point Dam is 25 feet tall, with fish ladders on either side that allow 
passage of some migratory species (Kozlowski 2004).  The fish ladders have 
suboptimal design, and sheet flow across the dam spillway may obscure 
attraction to the ladder entrances, particularly during high flows (NMFS 2007).  
The reach from Long Bar to RM 8 is within the Yuba Goldfields and is confined 
by dredger tailings and low gravel bars.  Below the Yuba Goldfields to the 
confluence with the Feather River, the river banks are frequently armored with 
boulders and broken concrete (Kozlowski 2004).   

3.2.2 Status of Spring-Run Chinook Salmon and 
Steelhead Runs 

3.2.2.1 Spring-Run Chinook Salmon 

Little information has been published regarding the status of spring-run Chinook 
salmon in the Lower Yuba River.  Historical numbers likely were considerably 
higher than observed today but probably were greatly diminished by gold mining, 
construction of impassable dams, and water diversions (Yoshiyama et al. 2001).  
The following account is taken from the Biological Opinion for the U.S. Army 
Corps of Engineers’ Operation of Englebright and Daguerre Point Dams on the 
Yuba River, California (2007 BiOp) (NMFS 2007):  

There is limited information on the current population size of spring-run 
Chinook salmon in the lower Yuba River.  Before 2001, when DFG conducted a 
study to quantify the number of adult spring-run Chinook salmon immigrating 
into the Yuba River by trapping fish in the fish ladder at Daguerre Point Dam, 
there was almost no specific information on the run timing and size of the 
population in the Yuba River.  In the 2001 DFG study, which involved limited 
sampling of fish ascending the north ladder, a total of 108 adult Chinook salmon 
were estimated to have passed the dam between the dam between March 1, 
2001, and July 31, 2001 (DFG 2002c). 

Spawning and carcass surveys conducted by DFG and private consultants 
funded by the YCWA have likewise detected the persistence of spring-run 
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Chinook salmon in the Yuba River, although none of these reports provided 
estimates specifically for spring-run Chinook salmon. 

Infrared and videographic sampling on both ladders at Daguerre Point Dam 
since 2003 has provided more robust estimates of spring-run Chinook salmon 
numbers migrating into the Yuba River.  However, these estimates should be 
considered as minimum numbers, as periodic problems with the sampling 
equipment have caused periods when fish ascending the ladders were not 
counted.  In years when these sorts of gaps in data occurred during the spring-
run migration period, it is likely that some migrating adults were not counted, 
and the true numbers may be higher than those reported below (DFG 
unpublished data)….  The detection of adipose fin clips on some of these fish 
indicates that they were hatchery strays, most likely from the Feather River 
Hatchery.  The short time period in which this device has been in operation, 
coupled with the three to four year life cycle of these fish make it difficult to 
determine decisive trends in the spring run population.  While the recent data 
from 2006 and 2007 indicates a reduction in total abundance, passage in May 
(the primary spring-run migration month) of 2007, was the highest detected in 
that month since the device was installed. 

In general, the current data indicate that adult escapement of spring-run Chinook 
salmon is relatively low and fluctuating, and has been greatly reduced from 
estimated historic levels. 

The recent total abundance of adult spring-run Chinook salmon in the Lower 
Yuba River ranged from 214 fish in 2006 to 1,250 fish in 2003, based on the 
infrared and videographic sampling described by NMFS (2007).   

3.2.2.2 Steelhead 

As with spring‐run Chinook salmon, there is little information on the status of 
steelhead in the Lower Yuba River.  The historical population size likely was 
considerably greater than recent abundance estimates.  The following account is 
by NMFS (2007):  

DFG estimated a spawning population of only about 200 fish annually prior to 
1969.  During the 1970s, DFG annually stocked hatchery steelhead from 
Coleman National Fish Hatchery into the lower Yuba River, and by 1975 
estimated a run size of about 2,000 fish (DFG 1991).  DFG stopped stocking 
steelhead in the lower Yuba River in 1979, and currently manages the river to 
protect natural steelhead through strict “catch-and-release” fishing regulations. 

Infrared and videographic sampling on both ladders at Daguerre Point Dam 
since 2003 has provided estimates of steelhead numbers migrating up the Yuba 
River.  However, these estimates should be considered as minimum numbers, as 
periodic problems with the sampling equipment have caused periods when fish 
ascending the ladders were not counted.   
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The total abundance of adult steelhead estimated to have passed Daguerre Point 
Dam from 2003 to 2007 ranged from 150 fish in 2006 to 762 fish in 2004 (NMFS 
2007). 

3.2.3 Limiting Factors 

The primary factors identified as constraints to establishing a viable, independent 
spring-run Chinook salmon population in the Lower Yuba River (NMFS 2009) 
include: 

 lack of suitable spawning habitat in the Englebright Dam Reach and the 
Narrows Reach,  

 lack of spatial or temporal segregation of spawning spring-run and fall-run 
Chinook salmon,  

 straying of hatchery fish to the Lower Yuba River,  

 fish passage impediments at Daguerre Point Dam, and  

 lack of habitat complexity and diversity in the Yuba Goldfields area below 
the Highway 20 Bridge.   

These factors are discussed below.   

3.2.3.1 Lack of Suitable Spawning Habitat 

Seasonal flows, water temperatures, and channel characteristics in the Lower 
Yuba River between Englebright Dam and Daguerre Point Dam are generally 
suitable for holding, spawning, and rearing of spring-run Chinook salmon based 
on their known life history and habitat requirements.  The suitability of the river 
for summer holding (June through September) and late summer-early fall 
spawning (August through October) generally increases in an upstream direction, 
with the highest quality habitat in the 4-mile reach between the Narrows Pool and 
the Highway 20 Bridge known as Timbuctoo Bend.  This reach is characterized 
by a series of deep, bedrock-formed pools and large spawning riffles that 
currently support high densities of fall-run Chinook spawners.  Water 
temperatures in this reach typically reach suitable levels for spawning by early to 
late September. 

Spawning by the majority of fall-run and virtually all spring-run Chinook salmon 
and steelhead in the Lower Yuba River occurs between Daguerre Point Dam and 
the Narrows Pool.  Early-arriving adults (i.e., phenotypic spring-run) tend to 
spawn farther upstream than later arrivals (i.e., phenotypic fall-run).  Little 
spawning habitat now exists in the 2-mile reach extending from the Narrows Pool 
upstream to Englebright Dam because of its steep gradient, lack of sediment 
supply, and armoring by rock debris (Pasternack 2008).  This reach has received 
considerable attention for spawning habitat rehabilitation specifically aimed at 
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spring-run Chinook salmon because of the presence of high-quality holding 
habitat, favorable summer water temperatures, and distance from the primary 
fall-run spawning areas farther downstream.  Although water temperatures in this 
reach are believed to be most suitable for spring-run holding, spawning, and egg 
incubation, the lack of suitable spawning substrate currently limits spawning 
success.  Spring-run Chinook salmon are known to hold in this reach and attempt 
to spawn despite the lack of suitable spawning habitat (NMFS 2007).   

3.2.3.2 Lack of Temporal or Spatial Segregation of 
Spawning Spring-Run and Fall-Run   

Englebright Dam is a complete migration barrier to anadromous fish, precluding 
migration of Chinook salmon to historical holding and spawning areas upstream 
of the dam.  Consequently, both fall-run and spring-run Chinook salmon are 
restricted to areas below the dam.  Because the two runs spawn at similar times 
and potentially interbreed, genetic swamping of the relatively smaller numbers of 
spring-run Chinook salmon by more abundant fall-run fish could occur, to the 
detriment of the spring-run.  Competition for spawning sites or destruction of 
spring-run redds by later-spawning fall-run fish may also occur in areas of 
limited spawning habitat. 

3.2.3.3 Straying of Hatchery Fish  

Straying of Feather River Hatchery fish to the Lower Yuba River represents 
another potential constraint to establishing a productive, locally adapted stock of 
spring-run Chinook salmon in the Lower Yuba River.  Given the proximity of the 
Feather River Hatchery and current planting practices, it is likely that hatchery 
strays make up a significant fraction of the spring-run fish that occur in the Yuba 
River.  The potential risk posed by these fish to establishing a Yuba River spring-
run stock is heightened by the uncertain genetics of Feather River Hatchery fish 
(Hedgecock et al. 2001).  

3.2.3.4 Fish Passage Impediments 

Daguerre Point Dam is recognized as an impediment to upstream migration of 
adult salmon and steelhead under certain flow conditions.  Adult passage through 
the existing fish ladders is severely impaired during high flows (≥ 2,000 cubic 
feet per second) that commonly occur during the upstream migration periods for 
spring-run Chinook salmon and steelhead (NMFS 2007, ENTRIX and Monroe 
2002).  Factors contributing to reduced passage success include inadequate 
attraction flows, proximity and orientation of the ladder entrances to the spillway, 
periodic obstruction of the ladders by sediment and woody debris, and operating 
criteria that require closure of the ladders at high flows (NMFS 2007).  Under 
these conditions, adult salmon and steelhead are subject to delay and injury as 



California Department of Water Resources and 
Pacific Gas and Electric Company 

 Chapter 3.  Recommended 
Lower Yuba River Actions

 

 
Habitat Expansion Agreement 
Final Habitat Expansion Plan  

 
3-10 

November 2010

ICF 00854.08

 

they attempt to ascend the dam face, potentially leading to reduced resistance to 
disease, increased prespawning mortality, and reduced egg viability.  Adult 
spring-run Chinook salmon are particularly sensitive to such delays because of 
their need to conserve energy for summer holding and maturation, and their need 
to reach suitable holding areas before downstream water temperatures reach 
harmful levels.  Daguerre Point Dam also may adversely affect outmigration 
success of juvenile salmon and steelhead.  During downstream migration, 
juvenile salmon and steelhead may be disoriented or injured as they plunge over 
the spillway, increasing their exposure and vulnerability to predators in the large 
pool at the base of the dam. 

3.2.3.5 Lack of Habitat Complexity 

Historical gold mining activities in the Yuba River watershed dramatically 
reduced the diversity and complexity of riverine, floodplain, and riparian habitats 
in the Lower Yuba River.  Within the Yuba Goldfields area (RM 8–14), 
confinement of the river by massive deposits of cobble and gravel derived from 
hydraulic and dredge mining activities resulted in a relatively simple river 
corridor dominated by a single main channel and large cobble-dominated bars, 
with little riparian and floodplain habitat.  Englebright Dam has contributed to 
reductions in habitat complexity and diversity by preventing the transport of 
sediment, woody material, and nutrients from upstream sources to the lower 
river. 

Low habitat complexity and diversity has been identified as a limiting factor for 
salmon and steelhead production in the Lower Yuba River, primarily through 
their effect on juvenile rearing success (Lower Yuba River Fisheries Technical 
Group 2005).  Loss of off-channel habitats such as floodplains, riparian, and 
wetland habitats has substantially reduced the productive capacity of the Central 
Valley for many native fish and wildlife species, and evidence is growing that 
such habitats were once of major importance for the growth and survival of 
juvenile salmon (Moyle 2002).  Recent observations on the Lower Yuba River 
indicate that remnant side channels and associated riparian vegetation play a 
similar role by providing flood refugia, protection from predators, and abundant 
food for young salmonids and other native fishes.  These habitats also promote 
extended rearing and expression of the stream-type rearing characteristic of 
spring-run Chinook salmon. 
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3.3 Spawning Habitat Expansion Actions 

3.3.1 Sinoro Bar Spawning Habitat Expansion  

 
Sinoro Bar  
(Photo courtesy of Chip McConnaha, ICF International, 2010) 

This action is designed to expand spawning habitat for spring-run Chinook 
salmon and steelhead in the Sinoro Bar geomorphic unit of the Englebright Dam 
Reach of the Lower Yuba River.  The following descriptions of the Englebright 
Dam Reach and the Sinoro Bar geomorphic unit are based on Pasternack (2008, 
2009, 2010a [Appendix H], 2010b), Pasternack et al (2010), and the Corps 
(2010).  The Englebright Dam Reach is approximately 1 mile in length and 
extends from Englebright Dam downstream through a relatively straight bedrock 
canyon to the Deer Creek confluence.  This reach is characterized by steep rock 
walls; long, deep pools/runs interspersed with short rapids/chutes; and relatively 
small amounts of alluvial material.  Spawnable gravels are in short supply.   

An important feature of this reach is the occurrence of shot rock deposits.  Shot 
rock is irregularly shaped (angular) rock blasted from surrounding canyon slopes.  
It originated from rock excavation during construction of Englebright Dam and 
hillside scouring during major floods.  There are three shot rock deposits in the 
Englebright Dam Reach.  The largest of these deposits is at Sinoro Bar, which is 
located on the north bank of the Yuba River immediately upstream of the Deer 
Creek confluence (Figure 3-2).  Sinoro Bar is a relatively high point-bar that 
extends along the lower third of the reach.  The deposit covering the bar is 
primarily a mixture of angular cobbles and boulders. 
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Figure 3-2 
Shot Rock Deposits in the Englebright Dam Reach 
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The Sinoro Bar geomorphic unit extends from the rapid upstream from Sinoro 
Bar downstream to the Deer Creek confluence (Figures 3-3 and 3-4).  The 
rehabilitation area (surface area of 46,486 square meters [m²]; valley centerline 
of 650 meters [m]; mean width of 71.5 m) is comprised of Sinoro Bar along the 
north bank and the active channel that is characterized by long, deep runs/pools 
and short rapids/chutes along the south bank (Pasternack 2010a).   

The geomorphic goals of this action are to reshape the streambed, redistribute the 
slope, expand the wetted width, and reduce substrate size to create riffle/run areas 
with gravels of suitable size for spawning.  An additional geomorphic goal is to 
maximize the sustainability of the action by designing it to integrate with existing 
controlling landforms.  The ultimate ecological goal is to expand spawning 
habitat for spring-run Chinook salmon and steelhead, while also providing a 
diversity of habitat features for multiple life stages of these species. 

This action involves the following three primary components:  (1) removal of 
shot rock deposited on the surface of Sinoro Bar; (2) reshaping the streambed; 
and (3) placement and contouring of gravel in the streambed to create suitable 
spawning habitat.   

These components are consistent with recommendations of Pasternack, based on 
an analysis of historical channel conditions in this reach (Pasternack 2008, 2009, 
2010a; Pasternack et al 2010).  Historically, gravel bars suitable for spawning 
were present in what is currently known as the Englebright Dam Reach; 
however, spawning habitat is now severely limited due to a lack of gravel.  
Expansion of spawning habitat in the Englebright Dam Reach would benefit 
spring-run Chinook salmon in particular, as spring-run are known to hold and 
attempt to spawn in this reach despite the lack of suitable spawning habitat. 

3.3.1.1 Removal of Shot Rock 

A significant portion of the shot rock deposit that currently covers Sinoro Bar 
would need to be removed as the initial step.  Pasternack (2009) applied a DEM 
to determine the spatial pattern of fill depth and total volume of sediment stored 
in Sinoro Bar.  The model yielded an estimated total volume of sediment of 
128,940 cubic meters (m³) and a fill depth range of 0–12.1 m.  This estimate was 
assumed to be the maximum volume of shot rock deposited at Sinoro Bar; the 
actual volume could be substantially less.  A reasonable estimate of the volume 
of material that would need to be removed to prepare the site for spawning 
habitat expansion is 50,000 m³ (Pasternack pers. comm.). 
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Source:  Pasternack 2010c 

 

Figure 3-3 
Topographic Map of Englebright Dam Reach with Sinoro Bar Expansion Area Highlighted 
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Source:  Pasternack 2010a 

Figure 3-4 
Photo of Sinoro Bar Hydrographic Unit 

The shot rock would be removed by heavy equipment in a stepwise manner.  A 
preliminary phase would be initiated to remove the shot rock on the surface of 
the bar in order to determine the underlying materials and the need for additional 
removal efforts.  The bulk of the shot rock would be hauled offsite.  However, 
some of the shot rock would be used onsite to fill holes in the stream channel 
created by mining operations, and some would be incorporated into the final 
design of the spawning beds to help stabilize the alluvial spawning gravels. 

3.3.1.2 Reshaping the Streambed 

The streambed would need to be recontoured in preparation for gravel placement.  
The elevation of Sinoro Bar would be reduced sufficiently to reintegrate it into 
the active channel area and allow for wider riffles/runs that are not constrained 
by the excessive height of the current bar.  The bed slope would be redistributed 
to change rapid-pool and chute-pool sequences into riffle-pool and run-pool 
sequences.  Morphological diversity would be incorporated by creating a 
functional mosaic of geomorphic forms, rather than excessively large contiguous 
areas of uniform habitat.  In particular, holding pools with associated cover 
would be incorporated into the design of the expanded spawning habitat.  Finally, 
the effort to reshape the streambed would include design considerations for 
maximizing the sustainability of this action.   
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3.3.1.3 Gravel Placement and Contouring 

Following removal of the shot rock and reshaping of the streambed, clean gravel 
of suitable spawning size would be placed in the streambed and contoured to 
yield water depths and velocities consistent with salmon spawning microhabitat 
needs. Pasternack (2009) estimated that approximately 100,000 m³ of gravel 
would be needed for the initial gravel placement (roughly two-thirds the volume 
of Sinoro Bar itself).  However, based on further analysis, Pasternack (pers. 
comm.) indicated that a more reasonable estimate for the volume of gravel that 
would be needed to create spawning habitat at this site is 45,000 m³.  Gravel 
would be purchased and hauled from a local quarry to the project site by truck 
and distributed by heavy equipment. 

The spawning habitat created by the Sinoro Bar action is expected to be highly 
sustainable based on current geomorphic conditions and the inclusion of specific 
design considerations (Pasternack 2010a).  However, it is likely that long-term 
maintenance activities, including periodic gravel augmentation following flood 
events, would be required to sustain the quantity and quality of spawning habitat.  
This would likely be at least partially accomplished through a gravel 
augmentation program that the Corps is required to perform.  Under the 2007 
BiOp issued by NMFS, the Corps is required to develop and implement a long-
term gravel augmentation program in the Yuba River below Englebright Dam 
(NMFS 2007).   

In November 2007, a pilot gravel injection project was initiated by the Corps, 
with 450 short tons of spawning-sized gravel placed below Englebright Dam (in 
the pool below the Narrows 2 Powerhouse).  Based on the initial pilot project, the 
Corps is proposing to place an additional 2,000 to 5,000 short tons of spawnable-
sized gravel below Englebright Dam, downstream of the Narrows 1 Powerhouse 
in November 2010 (Corps 2010).  This would likely be the first of multiple 
gravel injections over a period of a few years, as proposed for the Corps by 
Pasternack (2010b).   

Additional gravel placement or other maintenance activities as needed to sustain 
the spawning habitat expansion action at Sinoro Bar over the approximately 50-
year life of the action would be the responsibility of the Licensees.       
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3.3.2 Narrows Gateway Spawning Habitat 
Expansion 

 
Narrows Gateway  
(Photo courtesy of Chip McConnaha, ICF International, 2010) 

This action is designed to expand spawning habitat for spring-run Chinook 
salmon and steelhead in the Narrows Gateway geomorphic unit of the Narrows 
Reach of the Lower Yuba River.  The following descriptions of the Narrows 
Reach and the Narrows Gateway geomorphic unit are based on Pasternack 
(2010c) (Appendix K).  The Narrows Reach is approximately 1 mile in length 
and extends from Deer Creek downstream, through a narrow bedrock canyon, to 
the bottom end of the Narrows Pool.  The upper third of this reach, comprised of 
the Narrows Gateway geomorphic unit and the S-turn geomorphic unit, is 
characterized by a series of rapids, chutes, runs, and small pools; scattered 
bedrock outcrops; and a few cobble/gravel bars.  The middle third consists of a 
long rapid (Skinny Escalator) and a long run (Narrows Respite), as the river 
transitions into the Narrows Pool.  The lower third consists entirely of the 
Narrows Pool, which is the longest and deepest pool in the Lower Yuba River.  
Only the upper third of the reach contains alluvial bars with cobble and gravel.  
However, spawnable habitat is limited due to (1) high, stable bars that constrict 
the active channel, creating narrow, moderately deep, and fast rapids; and 
(2) streambed armoring (coarsening of the surface substrate).    

The Narrows Gateway geomorphic unit is located at the upstream end of the 
Narrows Reach, immediately downstream of the Deer Creek confluence (on the 
south bank) and the Sinoro Bar spawning habitat expansion site (on the north 
bank) (Figures 3-5 and 3-6).  The entire alluvial extent of the Narrows Gateway 
(area of 15,833 m²; valley centerline of 217.9 m; mean width of 72.7 m) is 
recommended for rehabilitation (Pasternack 2010c).  It is currently comprised of 
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two active channels separated by a cobble bar.  The main channel along the north 
bank consists of a series of high-velocity rapids, chutes, and runs. The side 
channel along the south bank is influenced by Deer Creek and is primarily riffle 
habitat.  The two channels converge in a pool at the base of the cobble bar. 

The geomorphic goals of this action are similar to those at Sinoro Bar and 
include reshaping the streambed, redistributing the slope, expanding the wetted 
width, and reducing substrate size to create riffle/run areas with gravels of 
suitable size for spawning.  An additional geomorphic goal is to maximize the 
sustainability of the action by designing it to integrate with existing controlling 
landforms.  The ultimate ecological goal is to expand spawning habitat for 
spring-run Chinook salmon and steelhead, while also providing a diversity of 
habitat features for multiple life stages of these species.   

This action involves the following three primary components (1)  removal of 
excess cobbles and boulders from Narrows Gateway; (2) reshaping of the 
streambed; and (3) placement and contouring of gravel in the streambed to create 
suitable spawning habitat.   

These components are consistent with recommendations of Pasternack (2010c), 
based on an analysis of historical channel conditions in this reach.  Historically, 
the Narrows Reach has experienced dramatic geomorphic change due to mining, 
upstream dam construction, and recurring floods.  Alluvial features that were at 
one time quite prevalent are now substantially reduced, and spawning habitat is 
limited.  Expansion of spawning habitat in Narrows Gateway would benefit both 
spring-run Chinook salmon and steelhead. 

3.3.2.1 Removal of Excess Cobbles and Boulders 

Excess cobbles and small boulders that occur on high bars or are part of the 
armored layer of the streambed in Narrows Gateway would be removed as the 
initial step in the rehabilitation process.  The actual volume of material that 
would be removed is unknown at this time.  Test digs would need to be 
conducted to make this determination.  A conservative estimate can be made by 
assuming removal of material to a depth of 0.33 m over the entire recommended 
rehabilitation area (i.e., 15,833 m²).  This results in a volume estimate of 
5,225 m³. 

Rather than excavating and hauling this material offsite, heavy equipment could 
be used to scrape the material off the streambed and move it into the active 
stream channel downstream.  The best location for instream disposal of this 
material is at the head of the Skinny Escalator geomorphic unit, which is located 
approximately 325 m downstream from the lower end of Narrows Gateway 
(Figure 3-7).  Material placed in the Skinny Escalator, a narrow, steep rapid, 
would be mobilized and carried downstream to the Narrows Pool, where it would 
be deposited.  Due to the exceptionally large capacity of the Narrows Pool, no 
significant impact would be expected as a result of this operation.    
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Source:  Pasternack 2010c 

Figure 3-5 
Aerial Photo of Narrows Gateway Geomorphic Unit, with Identified Features 

 

 
Source: Pasternack 2010c 

Figure 3-6 
Photo of Narrows Gateway Geomorphic Unit  
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3.3.2.2 Reshaping the Streambed 

As part of the effort to remove the excess cobbles and small boulders in Narrows 
Gateway, the streambed would need to be recontoured in preparation for gravel 
placement.  The elevation of emergent bars would be reduced to reintegrate them 
into the active channel area and allow for wider riffles that are not constrained by 
excessively high bars.  The bed slope would be redistributed to change rapid-pool 
and chute-pool sequences into riffle-pool sequences.  Morphological diversity 
would be incorporated by creating a functional mosaic of geomorphic forms, 
rather than excessively large contiguous areas of uniform habitat.  In particular, 
holding pools with associated cover would be incorporated into the design of the 
expanded spawning habitat.  Finally, the effort to reshape the streambed would 
include design considerations for maximizing the sustainability of this action.     

3.3.2.1 Gravel Placement and Contouring 

Following removal of the excess cobbles and small boulders and reshaping of the 
streambed in Narrows Gateway, clean gravel of suitable spawning size would be 
placed in the streambed and contoured to yield water depths and velocities 
consistent with salmon spawning microhabitat needs.  The actual volume of 
gravel that would be introduced is unknown at this time.  A conservative estimate 
can be made by assuming placement of gravel to a depth of 1 m over the entire 
recommended rehabilitation area (i.e., 15,833 m²).  This results in a volume 
estimate of 15,833 m³.  Gravel would be purchased and hauled from a local 
quarry to the project site by truck and distributed by heavy equipment. 

The spawning habitat created by this action is expected to be highly sustainable 
based on the resiliency of alluvial landforms in Narrows Gateway through time 
(Pasternack 2010c).  However, it is likely that long-term maintenance activities, 
including periodic gravel augmentation, would be required to sustain the quantity 
and quality of spawning habitat.  This would likely be at least partially 
accomplished through a gravel augmentation program that the Corps is required 
to perform (as discussed in Section 3.3.1.3 above).  Additional gravel placement 
or other maintenance activities as needed to sustain the spawning habitat 
expansion action in Narrows Gateway over the approximately 50-year life of the 
action would be the responsibility of the Licensees. 
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Source:  Pasternack 2010c 

Figure 3-7 
Aerial Photo of the Narrows Reach
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3.3.3 Objectives and Benefits 

The spawning habitat expansion actions at Sinoro Bar and Narrows Gateway 
would address the substrate changes that have occurred in these portions of the 
Lower Yuba River due to mining activities and construction and operation of 
Englebright Dam.  Historically, spring-run Chinook salmon and steelhead 
migrated far beyond the existing dam site and spawned in higher elevation 
reaches of the watershed.  With Englebright Dam acting as a complete barrier to 
upstream migration, salmon and steelhead are now limited to spawning in the 
lower river below the dam.  The existing spawning habitat has been altered by 
mining activities in the watershed, scouring of gravel beds downstream of the 
dam, blockage of downstream movement of source gravel at the dam, and 
deposition of shot rock at three primary locations within the Englebright Dam 
Reach.  This has resulted in a virtual lack of suitable spawning habitat in the 
Englebright Dam Reach and the Narrows Reach. 

The lack of suitable spawning gravel in these reaches is a critical limiting factor 
for spring-run Chinook salmon in the Lower Yuba River.  The primary objective 
of the spawning habitat expansion actions is to address this limiting factor by 
creating suitable spawning areas in the Yuba River at Sinoro Bar and Narrows 
Gateway.   

3.3.4 Estimated Cost 

3.3.4.1 Capital Cost 

The prefeasibility-level capital cost estimates for the spawning habitat expansion 
actions at Sinoro Bar and Narrows Gateway are approximately $5.9 million and 
$1.8 million, respectively.  The estimated capital cost for the combined actions is 
$7.7 million.   

3.3.4.2 Operations and Maintenance 

As discussed in Sections 3.3.1.3 and 3.3.2.3, it is likely that long-term 
maintenance activities, including periodic gravel augmentation, would be 
required to sustain the quantity and quality of spawning habitat at Sinoro Bar and 
Narrows Gateway.  This would be at least partially accomplished through a 
gravel augmentation program that the Corps is required to perform under the 
2007 BiOp.  Additional gravel placement or other maintenance activities to 
sustain the spawning habitat expansion actions at Sinoro Bar and Narrows 
Gateway over the approximately 50-year life of these actions would be the 
responsibility of the Licensees.  The estimated annual O&M cost for these 
activities is $8.0 million.        



California Department of Water Resources and 
Pacific Gas and Electric Company 

 Chapter 3.  Recommended 
Lower Yuba River Actions

 

 
Habitat Expansion Agreement 
Final Habitat Expansion Plan  

 
3-23 

November 2010

ICF 00854.08

 

3.3.5 Implementation Schedule 

Design and permitting work for the spawning habitat expansion actions could be 
initiated as soon as approval is received on the HEP and the Licensees receive 
FERC licenses for their respective hydroelectric projects.  The design and 
permitting phase of these actions is assumed to require from 1 to 2 years.  

The spawning habitat expansion actions at Sinoro Bar and Narrows Gateway 
would be implemented concurrently and would use the same access roads and 
mobilization areas.  Currently, two options are being evaluated for heavy 
equipment access:  (1) use of existing roads on the south side of the river that 
reach the mouth of Deer Creek; and (2) construction of a new road on the north 
side of the river from YCWA’s Narrows 2 Powerhouse access road to the project 
site.   

Assuming use of existing access roads from the south, road upgrades and in-
channel habitat expansion activities (i.e., shot rock removal, excess 
cobble/boulder removal, streambed reshaping, and gravel placement) would be 
completed over a single summer/fall season.  Assuming construction of a new 
road on the north side, road construction and in-channel habitat expansion 
activities would be completed over two successive summer/fall seasons.  The 
actual timing of this work would depend on the magnitude of flow releases below 
Englebright Dam and requirements established under a DFG Streambed 
Alteration Agreement (SAA) for in-channel work, including one or more 
temporary crossings of the Yuba River.   

3.3.6 Implementation Responsibilities of 
Licensees 

As soon as NMFS approves the Final HEP, the Licensees would prepare a 
Preliminary Design Report for the spawning habitat expansion actions.  When the 
Licensees accept each of the new FERC licenses for the Oroville, Poe, and Upper 
North Fork Feather River Projects, the Licensees would begin the final design 
and permitting phase.  Implementation of the spawning habitat expansion actions 
would include removal of shot rock from Sinoro Bar, removal of excessive 
cobbles and boulders from Narrows Gateway, recontouring of the streambed, and 
placement and contouring of gravel to create spawning habitat.  Further project 
details would be developed through field testing, agency discussions, and 
additional geomorphic modeling by Dr. Pasternack as needed.  

Each Licensee would be responsible for one-half of the total costs of these 
actions.  The Licensees would consult with landowners and other stakeholders 
throughout the planning and implementation phases, and would jointly hire 
contractors to complete the work.  
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The Licensees would provide annual O&M as needed for the approximately 
50-year life of the project to ensure the sustainability of the spawning habitat 
expansion actions.   

3.3.7 Other Issues 

Several permits would be required to implement the spawning habitat expansion 
actions.  An issue of particular note is the timing of instream work at Sinoro Bar.  
Assuming that heavy equipment would be moved down to the south side of the 
river, it would need to be moved across the river to reach Sinoro Bar on the north 
bank.  Due to high streamflow conditions below Englebright Dam during most of 
the year, as required by the Yuba Accord, the window of opportunity for moving 
the equipment across the river likely would be limited to the late summer/fall 
period.  This period would at least partially overlap with the spawning period for 
both spring-run and fall-run Chinook salmon.   

The potential sensitivity to conducting the instream work, including a temporary 
crossing of the Yuba River to access Sinoro Bar, would need to be addressed 
through an SAA issued by DFG.  The Licensees have been coordinating with 
DFG regarding the HEP recommended actions and issues associated with 
obtaining an SAA.  DFG has expressed support for the spawning habitat 
expansion actions and has indicated that an SAA likely would be issued for the 
instream work (Hill pers. comm.). 

Additionally, the Licensees would need to engage local landowners to obtain 
permission for accessing the stream channel in order to implement the spawning 
habitat expansion actions.  Currently, two options are being evaluated for heavy 
equipment access:  (1) use of existing access roads on the south side of the river 
that reach the mouth of Deer Creek; and (2) construction of a new road on the 
north side of the river from YCWA’s Narrows 2 powerhouse access road to the 
project site.  Constructing an access road on PG&E’s property on the north side 
of the river is possible but raises a number of environmental concerns (i.e., 
impacts to terrestrial resources and erosion issues).  Accessing the work sites by 
crossing private property on the south side of the river appears to be the most 
feasible option.  As a result, the Licensees have been coordinating with the 
private landowners regarding the use of their property to access these sites.  The 
landowners have been supportive of the spawning habitat expansion actions and 
have offered to help develop them by providing historical information related to 
the subject stream reaches.  The Licensees have solicited temporary entry permits 
from the landowners and expect to receive the permits in the near future, based 
on positive communications.    
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3.4 Segregation Weir  

 
Narrows Pool Outlet (Potential site for the optional segregation weir would be downstream of 
Narrows Pool) 
(Photo courtesy of Scott Morford, UC Davis, 2006) 

3.4.1 Description 

The HEA directs that actions are to benefit spring-run Chinook salmon and 
steelhead, and should encourage the separation of spawning fall-run and spring-
run Chinook salmon.  There is evidence that natural segregation of fall-run and 
spring-run Chinook salmon would occur, such that fall-run fish would spawn 
mainly below the Narrows Pool and spring-run fish would spawn in the expanded 
habitat above the Narrows Pool.  However, during years with high escapement of 
fall-run Chinook salmon, superimposition and competition for appropriate 
spawning habitat can limit spring-run Chinook salmon spawning success.  For 
this reason, the Lower Yuba River Actions include an optional action to construct 
and operate a segregation weir at the upstream end of Timbuctoo Bend that 
would allow for mechanical separation of the two runs, if deemed necessary in 
the future by the resource agencies (NMFS, USFWS, and DFG).   

The use of weirs to separate species or races of salmon is a well-proven 
technique and is used or planned for use in other Sacramento River streams, 
including Battle Creek and Clear Creek, and the Feather River, respectively. 
Although this action does not independently expand available habitat, inclusion 
of the action could considerably enhance the value of the spawning habitat 
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expansion actions at Sinoro Bar and Narrows Gateway for spring-run Chinook 
salmon.   

The seasonal segregation weir would be used to provide near-exclusive access 
for spring-run Chinook salmon to the uppermost holding and spawning habitat on 
the Lower Yuba River between Englebright Dam (RM 23) and the Narrows Pool 
(RM 21).  This reach contains the highest potential to create quality spring-run 
salmon holding and spawning habitat in the Lower Yuba River based on the 
frequency of large, deep pools; geomorphic features that allow for the 
restoration/creation of spawning habitat; and favorable summer water 
temperatures.  The weir would be operated (or removed) to permit passage of 
Chinook salmon during the primary spring-run Chinook salmon migration period 
and operated (or installed) to prevent passage of Chinook salmon during the 
primary fall-run Chinook migration period.  While any segregation weir is 
unlikely to provide 100 percent segregation, the weir could be operated to attain a 
favorable proportion of spring-run Chinook salmon utilizing the newly created 
habitat area, as determined by the resource agencies.  

The weir is not intended to create an absolute barrier within the river, or to 
confine all spring-run Chinook salmon to a limited portion of the river.  The 
expectation is a continuum of Chinook spawning above Daguerre Point Dam, 
with spring-run Chinook salmon concentrating above the Narrows Pool and fall-
run fish concentrating below that point.  Passage of steelhead migrating during 
the latter period would need to be addressed in the design and construction and/or 
operation of the weir. 

The location, seasonal operation, and design of the weir would need to be 
determined based on migration timing, channel and flow characteristics, and 
habitat needs (i.e., the amount of habitat needed to establish a viable spring-run 
Chinook salmon population).  Preliminary acoustic tagging studies have 
indicated that some portion of spring-run Chinook salmon may hold downstream 
of Daguerre Point Dam until early fall (Alber 2010).  Based on this preliminary 
information, it is unclear what proportion of spring-run Chinook salmon hold 
below the dam; consequently, this issue would require further investigation to 
determine appropriate timing of operation. 

Another major consideration would be the ability of the weir to operate 
effectively over the range of flows anticipated during the primary fall-run 
Chinook migration period (July through December).  This suggests possible use 
of a resistance board weir, although the design of the weir is yet to be determined 
and would be developed in coordination with the resource agencies.  Resistance 
board weirs rely on a cable anchored to the substrate at the upstream end of the 
weir site.  Panels with some form of floatation on one end and a shackle on the 
other are then secured to this cable.  This arrangement provides an impassable 
barrier to anadromous salmonids, while allowing boats and debris to depress the 
weir and pass over the top (Stewart 2003).  In periods of extremely high flow, 
this type of weir is designed to lie along the bottom due to the increased force of 
the water.  Resistance board weirs have been used extensively in Alaska and on 
the Stanislaus River in California (Anderson et al. 2007).  Board weirs also can 
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accommodate video monitoring to estimate abundance, another element that 
could be incorporated into this action, if needed. 

3.4.1.1 Adaptive Management Plan 

Conceptually, the segregation weir could be managed under two strategies, a 
long-term strategy and an in-season strategy.  The long-term strategy would 
determine the overall need for installation of the segregation weir to ensure 
adequate separation between the runs.  The in-season strategy would involve an 
annual decision whether to install the segregation weir based on projections for 
the seasonal abundance of fall-run Chinook salmon.  For example, should the 
fall-run projections indicate a high potential for spawning overlap with spring-
run, the weir could be installed.  The Steering Committee anticipates that the 
segregation weir would be adaptively managed by the resource agencies, with 
funding provided by the Licensees.   

If the resource agencies decided that a greater degree of segregation was required 
than was occurring naturally, they could install the segregation weir and manage 
it to achieve a particular proportion of spring-run over fall-run Chinook salmon.  
This could be accomplished through implementation of described in an Adaptive 
Management Plan (AMP) (see Appendix J for a proposed concept for an AMP 
related to the optional segregation weir).  If the resource agencies determined that 
an adequate degree of natural segregation was occurring between the spring-run 
and fall-run Chinook salmon at the Sinoro Bar and Narrows Gateway spawning 
habitat expansion sites, and that a segregation weir was not a necessary 
component of the Lower Yuba River Actions, the Licensees would consider 
funding other restoration actions in the Lower Yuba River, such as the juvenile 
rearing habitat expansion actions described in Appendix L. 

3.4.2 Objectives and Benefits 

The objective of the segregation weir option is to provide a mechanical means of 
spatially segregating spring-run Chinook salmon from fall-run Chinook salmon.  
Both runs have been confined to the lower reaches of the Yuba River since 
construction of Englebright Dam in 1941 (DFG 1991).  Spring-run Chinook 
salmon are unable to migrate beyond this barrier into the higher elevation reaches 
they historically occupied and are therefore unable to naturally segregate 
themselves from fall-run Chinook salmon.  This spawning overlap threatens the 
spring-run population in a variety of ways, including destruction of redds due to 
superimposition, competition for spawning grounds limiting the usable habitat 
for spring-run Chinook salmon, and introgression causing the loss of a 
genetically distinct spring-run Chinook salmon.   

Installation of a segregation weir addresses all three of these issues.  By using the 
weir to exclude fall-run Chinook salmon from the habitat being utilized by 
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spring-run Chinook salmon, superimposition of fall-run redds upon the earlier 
constructed spring-run redds would be minimized.  Similarly, competition for 
spawning habitat would be minimized by removing fall-run Chinook salmon 
from specific reaches designated as habitat for spring-run Chinook salmon.   

Genetic introgression is one of the biggest issues associated with the limitations 
imposed upon spring-run Chinook salmon by large dams.  Spawning overlap can 
contribute to hybridization between fall-run and spring-run Chinook salmon, 
thereby compromising genetic distinctions between the two runs.  However, a 
study by Banks et al. (2000) seems to indicate that, even when these two runs 
spawn in the same reaches, they may naturally segregate to some degree.  
Additionally, strays from the Feather River Hatchery potentially compromise the 
Yuba River spring-run Chinook salmon genetics (Reedy pers. comm.).  By 
installing a segregation weir and preserving the spring-run Chinook salmon 
phenotype, it is likely that the spring-run genotype also would be preserved.  
Waples et al. (2004) suggest a coarse estimate that, in most basins (including the 
Sacramento River Basin), the spring-run genotype may have evolved in a period 
as short as 80–100 years.  Given the current phenotypic spring-run Chinook 
salmon stock present in the Lower Yuba River, it is likely that restoration and 
conservation of spring-run Chinook salmon genetics could be realized in a 
considerably shorter period following spatial segregation.   

3.4.3 Estimated Cost 

3.4.3.1 Capital Cost 

The pre-feasibility capital cost estimate for installing a resistance board weir to 
segregate spring-run Chinook salmon from fall-run Chinook salmon, including 
permitting, design, and construction, is approximately $300,000.   

3.4.3.2 Operations and Maintenance 

Pre-feasibility cost estimates for O&M include annual installation and removal of 
the weir, and repairs as necessary.  Annual O&M costs are estimated at 
approximately $52,000.  O&M costs are conservatively estimated to be 
$2.6 million for a period of 50 years.  This amount is likely an overestimate 
because seasonal installation of the segregation weir would be dependent on 
necessity and spring-run Chinook salmon holding behavior. 
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3.4.4 Implementation Schedule 

Assuming a decision by the resource agencies that a segregation weir is 
warranted, its implementation would occur following completion of the spawning 
habitat expansion actions upstream.  With local stakeholder and agency support, 
implementation would likely be possible in less than 1 year following the 
decision to proceed.  However, this action would be adaptively managed and 
would be implemented only if spawning overlap was determined to be a major 
limiting factor within the upper reaches of the Lower Yuba River and if the weir 
was supported by the resource agencies.    

3.4.5 Implementation Responsibilities of 
Licensees 

As soon as NMFS approves the Final HEP, the Licensees would prepare a 
Preliminary Design Report for implementation of the segregation weir.  When 
the Licensees accept each of the new FERC licenses for the Oroville, Poe, and 
Upper North Fork Feather River Projects, the Licensees may begin the final 
design and permitting phase for implementation of the segregation weir, 
assuming that consensus exists that the weir is needed to provide separation of 
spring-run Chinook salmon from fall-run Chinook salmon. 

Each Licensee would be responsible for one-half of the capital costs (including 
permitting, design, and construction of the weir) and one-half of the O&M costs 
(including annual installation and removal and necessary repairs).  It is possible 
that the Licensees could provide funding for DFG or another party for the long-
term operation and maintenance of the structure.  The Licensees would consult 
with other stakeholders throughout the planning and implementation phases. 

3.4.6 Other Issues 

Two primary issues are associated with installation of a segregation weir on the 
Lower Yuba River.  These concerns relate to potential adverse effects on spring-
run Chinook salmon and potential adverse effects on fall-run Chinook salmon. 

Preliminary results indicate that at least some phenotypic spring-run Chinook 
salmon hold in the pool immediately downstream of Daguerre Point Dam.  The 
proportion of spring-run holding downstream is still unclear.  A primary concern 
related to installing a segregation weir is unintentional exclusion of spring-run 
Chinook salmon from the habitat above the weir.  This could result from spring-
run Chinook salmon migrating late during the typical fall-run Chinook salmon 
migration period.  While this could be potentially problematic, these fish would 
still be able to spawn within the Timbuctoo Bend reach—currently the most 
heavily utilized spawning reach.  Additionally, selection for the early returning 
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fish could be beneficial to the establishment of a genotype more consistent with 
the historical populations, thereby providing a more favorable stock for future 
reintroduction to the upper watershed. 

The other concern is that the segregation weir could negatively affect fall-run 
Chinook salmon or steelhead by decreasing the available spawning area.  
Therefore, if the weir is determined to be necessary, it is essential that installation 
timing and operations minimize potential negative impacts on fall-run Chinook 
salmon and steelhead, as well as spring-run Chinook salmon.  By placing the 
weir below and in close proximity to the Narrows Pool, adverse effects to fall-run 
Chinook salmon would be minimal, since very few fish utilize the reaches of 
stream above the proposed location of the weir for spawning.   

3.5 Summary 

The recommended actions consist of the following three components, 
collectively referred to as the Lower Yuba River Actions: 

 expansion of spawning habitat at Sinoro Bar in the Englebright Dam Reach 
above the Deer Creek confluence; 

 expansion of spawning habitat at Narrows Gateway in the Narrows Reach 
below the Deer Creek confluence; and 

 the option of planning for and installing a seasonally operated segregation 
weir on the Yuba River below the outlet of the Narrows Pool to segregate 
spring-run and fall-run Chinook salmon if deemed necessary by the resource 
agencies (NMFS, USFWS, and DFG).  

The Licensees estimated a pre-feasibility-level cost estimate for implementing 
each component of the Lower Yuba River Actions.  The total estimated costs are 
presented in Table 3-1. 

Table 3-1.  Estimated Costs of the Recommended Lower Yuba River 
Actions 

Recommended Action 
Total Estimated Cost 
(millions of dollars) 

Sinoro Bar and Narrows Gateway spawning habitat 
expansion 

$15.7a 

Optional segregation weir $2.9a 

Design and permitting $0.9 

Contingency (20%) $3.9 

Total estimated cost of Lower Yuba River Actions $23.4 
a Total estimated costs include capital costs and operations and maintenance costs for 50 years. 
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Each Licensee would be responsible for one-half of the total costs of these 
actions.  The Licensees would provide annual O&M as needed for the 
approximately 50-year life of the project to ensure the sustainability of the 
spawning habitat expansion actions.   

Based on the next steps presented in Chapter 5 and the timeline provided in 
Appendix A, the Lower Yuba River Actions can be implemented within 
approximately 5 years once approved by NMFS. 

The Licensees would consult with landowners and other stakeholders throughout 
the planning and implementation phases, and would jointly hire contractors to 
complete the work.  As discussed in Chapter 4, the Licensees envision the 
recommended actions as part of an overall integrated plan for the Lower Yuba 
River.  The Licensees would continue to work with the resource agencies and 
other stakeholders in the watershed to ensure the success of all ongoing and 
planned programs. 
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Chapter 4 
Rationale for Selection of 

Habitat Expansion Plan Actions 

4.1 Introduction 

The actions recommended by the Licensees under the HEA (the Lower Yuba 
River Actions) are described in detail in Chapter 3.  The results of the Steering 
Committee’s analysis and scoring of the recommended actions relative to the 
Evaluation and Selection Criteria specified in the HEA are provided in 
Appendix F. 

The recommended actions achieve the goals of the HEA by expanding habitat in 
the Yuba River below Englebright Dam to support spawning, rearing, and 
holding of spring-run Chinook salmon and steelhead.  The Licensees expect that 
the actions will be a significant part of a coordinated effort between the 
Licensees, resource agencies, landowners, and citizens groups to create a spring-
run Chinook salmon management area in the upper portion of the Lower Yuba 
River from Englebright Dam down to the outlet of the Narrows Pool―a distance 
of approximately 2 miles.  Steelhead are expected to benefit from the 
recommended habitat expansion actions as well. 

The Lower Yuba River Actions consist of the following three separate 
components that are expected to work synergistically with other actions in the 
Lower Yuba River implemented by the resource agencies, the Corps, and local 
entities (Figure 4-1): 

 expansion of spawning habitat at Sinoro Bar in the Englebright Dam Reach 
above the Deer Creek confluence (Figure 4-2);  

 expansion of spawning habitat at Narrows Gateway in the Narrows Reach 
below the Deer Creek confluence (Figure 4-3); and 

 the option for a seasonally operated segregation weir on the Yuba River 
below the outlet of the Narrows Pool (Figure 4-4) if deemed necessary by the 
resource agencies (NMFS, USFWS, and DFG).  
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Figure 4-1 
Recommended Habitat Expansion Actions in the Lower Yuba River
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(Photo courtesy of Chip McConnaha, ICF International) 

Figure 4-2 
Sinoro Bar  

 

 
(Photo courtesy of Chip McConnaha, ICF International) 

Figure 4-3 
Narrows Gateway  

 



California Department of Water Resources and 
Pacific Gas and Electric Company 

 Chapter 4 
Rationale for Selection of HEP Actions

 

 
Habitat Expansion Agreement 
Final Habitat Expansion Plan  

 
4-4 

November 2010

ICF 00854.08

 

 
(Photo courtesy of Scott Morford, UC Davis) 

Figure 4-4 
Narrows Pool (potential site for the optional segregation  

weir would be downstream of the Narrows Pool)  

4.2 Limiting Factors 

The Lower Yuba River Actions would expand spawning habitat for spring-run 
Chinook salmon and steelhead in the upper portion of the Lower Yuba River 
from Englebright Dam to the outlet of the Narrows Pool, referred to as the HEP 
action area.  This section of the Yuba River is tightly confined within valley 
walls, with limited-to-nonexistent floodplain.  The area has been heavily 
impacted by hydraulic mining that continues to depress native fish production.  
Hydraulic mining in the upper watershed during the 19th century mobilized 
immense amounts of gravel and rock into the HEP action area and further 
downstream.  Mining debris filled the valley and significantly aggraded the river 
channel.  The river has since cut down to its present grade.  During the 20th 
century and continuing to the present, mining has reworked the gravel within the 
HEP action area and has significantly altered the channel and riverine features 
(Pasternack et al. 2010).  

Flow and temperature in the HEP action area are controlled to a large degree by 
upriver storage projects, particularly operation of the largest reservoir, New 
Bullards Bar.  Flows from New Bullards Bar Dam are managed under the Yuba 
Accord, which provides flows to enhance conditions in the Lower Yuba River for 
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salmonids.  Due to the release of cold water from New Bullards Bar Reservoir 
under the Yuba Accord, late summer and fall water temperatures below 
Englebright Dam remain lower, and flows higher, than occurred in the area 
historically. 

Englebright Dam was constructed in 1941 to block the downstream movement of 
mining debris, cutting off the natural recruitment of gravel into the HEP action 
area.  Construction of the dam dislodged considerable amounts of angular 
cobbles and boulders (termed shot rock) from the canyon walls.  This material 
has moved downstream, armoring features such as Sinoro Bar and, along with 
mining practices in the area, degraded their value as salmonid spawning habitat 
(Pasternack et al. 2010). 

Deer Creek enters the Yuba River from the south and divides the HEP action area 
into two hydraulic reaches, the Englebright Dam Reach and the Narrows Reach.   

The Englebright Dam Reach contains Sinoro Bar, a large, stable gravel bar 
originally created by mining activities (Pasternack et al. 2010).  Conditions on 
Sinoro Bar are degraded with respect to its value as salmonid habitat, due to shot 
rock armoring that has accumulated since the construction of Englebright Dam 
(Pasternack 2010a).  The Narrows Reach is tightly confined by canyon walls.  
Within the Narrows Reach, Pasternack (2010c) defined five geomorphic units 
moving downstream:  Narrows Gateway, S-Turn, Skinny Escalator, Narrows 
Respite, and the Narrows Pool.  Narrows Gateway and the S-Turn are described 
as having rapid-chute-run-pool sequences with considerable potential for spring-
run Chinook spawning and rearing (Pasternack 2010c).  The Skinny Escalator 
section is a Class IV boulder rapid that transitions into the Narrows Pool through 
Narrows Respite, a calm stretch of deeper water.  The Narrows Pool is a deep 
(30-foot) pool with considerable value as holding habitat for adult spring-run 
Chinook salmon. 

According to the Public Draft Recovery Plan, conditions in the Englebright Dam 
Reach and the Narrows Reach are constrained with respect to spring-run Chinook 
salmon production by (1) hydrologic changes resulting from operation of 
upstream dams; (2) elimination of gravel and wood recruitment from upstream 
areas due to Englebright Dam; (3) armoring of the channel and gravel bars by 
shot rock; (4) channel aggradation resulting from hydraulic mining debris 
deposited prior to construction of Englebright Dam; and (5) channel and bed 
alterations from small-scale dredge mining (Figure 4-5) (NMFS 2009).  Flow 
alterations (constraint 1) in the Lower Yuba River are now managed through the 
Yuba Accord, while the Corps is charged to inject gravel and large wood below 
Englebright Dam under the NMFS 2007 BiOp (constraint 2).  The recommended 
actions address the remaining three habitat constraints.   
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(Photo courtesy of Jim Butler) 

Figure 4-5 
Photo of a Gold Mining Operation on Sinoro Bar circa 1960  

4.3 Rationale for Selection of Recommended 
Actions 

The rationale for the Licensees recommending the Lower Yuba River Actions is 
grounded in the goals, terms, and conditions of the HEA and the ability of the 
actions to provide a significant, timely, and much needed contribution to the 
conservation and recovery of spring-run Chinook salmon and steelhead.  The 
recommended actions were selected because they: 

 fully meet the HET; 

 support separating spring-run and fall-run Chinook salmon; 

 support development of an independent, self-sustaining population of spring-
run Chinook salmon; 

 provide timely benefits to spring-run Chinook salmon and steelhead; 

 are cost effective, feasible, and sustainable;   

 require minimal human intervention;   

 are buffered from the effects of climate change by flow management 
practices under the Yuba Accord;   
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 are consistent with NMFS’ recovery goals and plan; 

 have local and political support;  

 are eligible under the HEA; and 

 support an integrated plan for management of spring-run Chinook salmon in 
the Lower Yuba River.  

Each of these items is discussed further in the following sections. 

4.3.1 Contribution to the HET 

The recommended actions fully meet the HET.  The recommended actions 
provide expanded habitat with the potential to significantly exceed the HET.  In 
Section 2.2, “Habitat Expansion Threshold,” the HEA states:  

The specific goal of the Agreement is to expand spawning, rearing and adult 
holding habitat sufficiently to accommodate an estimated net increase of 2,000 
to 3,000 Spring Run [Chinook salmon] for spawning (“Habitat Expansion 
Threshold”) in the Sacramento River Basin as compared to the habitat available 
under any relevant Existing Requirements or Commitments.  The Habitat 
Expansion Threshold is focused on Spring-Run as the priority species, as 
expansion of habitat for Spring-Run typically accommodates Steelhead as well.   

In other words, the HEP actions need to expand habitat in the Sacramento River 
to accommodate spring-run Chinook salmon and steelhead by providing a 
sufficient quantity of habitat to support the numeric goal of the HET and with 
qualities consistent with the habitat needs of spring-run Chinook salmon.  As 
stated in Section 6.1 of the HEA, the Licensees are obligated to provide habitat 
but are not obligated to guarantee or verify fish production or habitat utilization.  
The actual number of fish that return is determined to a large degree by factors 
outside the Yuba River, including conditions in the Sacramento River, the Bay-
Delta, and the Pacific Ocean that are beyond the scope of the HEA. 

The HEA directs the Licensees to use the “[c]ontribution to achieving the Habitat 
Expansion Threshold” (Section 4.1.2[a] of the HEA) as a criterion for selection 
of habitat expansion actions.  NMFS is directed to consider the “extent to which” 
the recommended habitat expansion action(s) “meet the Habitat Expansion 
Threshold” (Section 4.2.3[a] of the HEA) in their evaluation of the Final HEP.  
However, the HEA does not specify a methodology for estimating the 
contribution of recommended actions to the HET.  For this reason, the Licensees 
developed a method to estimate the contribution to the HET.   

In keeping with the language of the HEA, the Licensees assumed that actions 
benefiting spring-run Chinook salmon would also benefit steelhead, and no 
explicit evaluation of the actions was made with regard to their benefits for 
steelhead. 
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The actual number of Chinook salmon (spring-run and fall-run) spawning above 
Timbuctoo Bend has not been consistently evaluated; anecdotally, it appears that 
very few Chinook salmon presently spawn in this area.  Consequently, the 
recommended actions should minimally affect fall-run Chinook salmon, which 
spawn primarily in Timbuctoo Bend below the Narrows Pool (PSMFC 2009).  
For purposes of evaluating contribution to the HET, the Licensees assumed a 
baseline habitat potential of 200 Chinook spawners in the HEP action area.  The 
recommended actions represent an expansion of habitat in the Lower Yuba River 
above the baseline.   

The HET evaluation methodology used by the Licensees provided a consistent 
and transparent approach that related actions to identified habitat limitations in 
the HEP action area.  The method is described in some detail in Appendix N.  In 
summary, the method involved two steps.  First, the quantity of habitat for 
spawning by spring-run Chinook salmon was estimated based on the extent of 
habitat expansion and estimates of Chinook salmon spawning densities in the 
Yuba River and elsewhere.  Second, the quality of the expanded habitat for 
spring-run Chinook salmon was evaluated.  In this step, the estimated quantity of 
expanded habitat was adjusted to reflect existing habitat limitations across life 
stages of spring-run Chinook salmon.  The evaluation of environmental 
conditions reduced the area-based spawner estimates to account for 
environmental limitations not addressed by the recommended actions, resulting 
in a more conservative estimate of contribution to the HET.  Adjustments for 
environmental conditions were made by comparing the expected environmental 
conditions in the expanded habitat to the life-history needs of spring-run Chinook 
salmon.   

The quantity of habitat created by the recommended actions and the capacity for 
spring-run Chinook salmon spawning were estimated independently by 
Pasternack (2010a, 2010c).  Dr. Pasternack first estimated the area of expanded 
spawning habitat that would be created by the recommended actions in the Lower 
Yuba River.  He then reduced the total area based on his estimates of non-
spawning habitat types (e.g., pools).  Next, he divided the spawning habitat area 
created by the recommended actions by a range of estimates of typical Chinook 
salmon redd size, to estimate the number of Chinook redds that could occupy the 
expanded habitat.  Redd sizes vary in nature based on local conditions and 
spawner densities.  For purposes of drawing conclusions about contribution to the 
HET, the Steering Committee used Dr. Pasternack’s estimates based on his “most 
reasonable” assumed redd size of 11.1 square meters/redd.  The estimated 
number of redds was used to estimate spawning capacity by multiplying the 
number of redds by 2.0, a conservative estimate of fish per redd in the Lower 
Yuba River (Table 4-1). 

The next step the Steering Committee took in determining the contribution of the 
recommended actions to the HET was to adjust Pasternack’s estimates of 
spawning habitat capacity based on the quality of the expanded habitat.  This step 
reduced Dr. Pasternack’s capacity estimates to account for habitat limitations not 
included in the spawning area calculations.  These adjustments accounted for 
presumed passage loss at Daguerre Point Dam, the assumed effectiveness of the 
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recommended actions to address habitat limitations, and habitat limitations not 
addressed by the recommended actions.  The Steering Committee developed a 
working hypothesis regarding the relative importance of habitat attributes for 
spring-run Chinook and then qualitatively described habitat limitations in the 
HEP action area based on published accounts and expert knowledge (see 
Appendix N).  This allowed the Steering Committee to make conclusions 
regarding factors limiting spring-run Chinook salmon production in the target 
area and to evaluate the effectiveness of the recommended actions in addressing 
these limitations.  The result was a significant reduction in the area-based 
estimates, which provided the basis for the Licensees’ conclusions regarding the 
extent to which the recommended actions would meet the HET (Table 4-1).  

Table 4-1.  Estimated Contribution of Recommended Actions to the Habitat Expansion Threshold 

Recommended Action 

Area-Based Estimate of 
Number of Spawners 
Supported by the Action 
(Pasternack 2010a, 
2010c) 

Estimated Contribution 
to the HET (Area-Based 
Estimate Adjusted for 
Environmental 
Conditions)a 

Sinoro Bar spawning habitat expansion 5,058 2,928 

Narrows Gateway spawning habitat expansion 2,282 1,253 

Estimated total contribution of the recommended 
actions to the HET—increase in total spring-run 
Chinook salmon habitat in the Sacramento River 
Basin 

7,340 4,182b 

a This value reflects the potential number of adult fish that can be supported by habitat expansion.  Actual results of the 
actions could differ due to a variety of factors both inside and outside the Yuba River.  This estimated contribution to the 
Habitat Expansion Threshold (HET) was calculated using the methodology described in Appendix N of the Final HEP, 
which yielded a specific number.  The estimated contribution of the recommended actions to the HET represents an index 
of the increase in quality and quantity of habitat for spring-run Chinook salmon.  The calculation is not meant to imply a 
degree of precision. 

b Discrepancy in total due to rounding. 

 

The recommended actions are estimated to expand habitat sufficiently to exceed 
the HET.  By creating normative riverine features in the HEP action area, 
including pools, riffles, and shallow-water habitat, the recommended actions are 
expected to increase juvenile rearing habitat as well.  These estimates of 
expanded habitat potential significantly exceed the HET.  On this basis, the 
Licensees concluded that the recommended actions satisfy the requirements of 
the HEA to expand habitat “sufficiently to accommodate an estimated net 
increase of 2,000 to 3,000 Spring Run [Chinook salmon] for spawning (“Habitat 
Expansion Threshold”) in the Sacramento River Basin” (Section 2.2 of the 
HEA).  The habitat expansion is consistent with the biological needs of steelhead 
and is expected to provide benefits to steelhead as well.  
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4.3.2 Segregation of Spring-Run and Fall-Run 
Chinook Salmon  

The recommended actions support separating spring-run and fall-run Chinook 
salmon.  As discussed in the previous section, the recommended actions exceed 
the HET.  However, because the Yuba River also supports fall-run Chinook 
salmon, it is possible that both runs of Chinook would utilize the expanded 
habitat created by the recommended actions.  The Approval Criteria in the HEA 
call for the recommended actions to “support[s] segregating Spring-Run habitat 
from Central Valley fall-run Chinook salmon” (Section 4.2.3[d] of the HEA).  
The Licensees expect that some natural segregation of the two runs would occur 
based on habitat preferences and behavior.   

The recommended actions support the separation of the two races by providing 
habitat with qualities consistent with spring-run Chinook salmon.  For example, 
the recommended actions would expand habitat above the main fall-run Chinook 
salmon spawning area at Timbuctoo Bend and provide gradient and substrate 
conditions consistent with spring-run Chinook salmon spawning.  Natural 
segregation may presently occur in the Lower Yuba River, with spring-run fish 
tending to occupy areas closer to Englebright Dam (Alber 2010) while fall-run 
fish concentrate lower in the river―in the Timbuctoo Bend area (PSMFC 2009).  
The intent of the recommended actions is to create a continuum of Chinook 
salmon spawning in the Lower Yuba River, with spring-run fish concentrating in 
the HEP action area and fall-run fish concentrating lower in the river. 

To further support segregation of the two runs, the Licensees added a third 
action, the optional use of a segregation weir or other physical barrier to be 
located below the Narrows Pool and operated by the resource agencies (NMFS, 
USFWS, and DFG).  Complete segregation of the two runs is not necessary.  
There is evidence that, despite spatial and temporal overlap, spring-run and fall-
run populations of Chinook salmon in the Central Valley have maintained 
genetic separation (Banks et al. 2000)―presumably due to behavioral factors.  
Because it appears that few Chinook salmon presently use the habitat above the 
Narrows Pool, a weir is expected to minimally affect the existing population of 
fall-run Chinook salmon in the Yuba River.  The weir could be used at the 
discretion of the resource agencies to address at least three situations: 

1. To promote development of a self-sustaining population of spring-run 
Chinook in the initial years following completion of the spawning habitat 
expansion actions in the HEP action area.  Resource agencies may choose to 
enhance segregation after habitat expansion to ensure optimal conditions for 
developing the spring-run Chinook population. 

2. To address in-season conditions that suggest the need for additional 
segregation to protect the spring-run Chinook population.  In years when 
projected returns of fall-run Chinook are especially strong relative to the 
return of spring-run, managers may elect to use the weir to protect the spring-
run Chinook salmon in the HEP action area. 
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3. To address conditions over time regarding segregation of the two runs.  With 
experience, resource agencies may conclude that a weir is needed on a 
permanent basis to enhance separation of the two runs.  Alternatively, as the 
spring-run Chinook salmon population increases in response to the expanded 
habitat, the agencies may conclude that a weir is not necessary.   

The Licensees suggest that the resource agencies devise an explicit AMP for the 
weir, with specific criteria and tests of management hypotheses.  A concept for 
an AMP is provided in Appendix J.  If the agencies decide that a segregation weir 
is not needed prior to its construction, the Licensees would consider funding 
other restoration actions in the Lower Yuba River, such as the expansion of 
juvenile rearing habitat below the Highway 20 Bridge (see Appendix L). 

4.3.3 Development of an Independent, Self-
Sustaining Population of Spring-Run 
Chinook Salmon 

The recommended actions support development of an independent, self-
sustaining population of spring-run Chinook salmon.  Presently, the only 
remaining independent, self-sustaining populations in the Central Valley spring-
run Chinook salmon ESU occur in Mill, Deer, and Butte Creeks (Lindley et al. 
2004).  The lack of spatial diversity within the ESU impedes recovery of spring-
run Chinook salmon and increases the risk of extirpation of the ESU.  For this 
reason, development of new populations of spring-run Chinook salmon in the 
Central Valley is a high priority in the Public Draft Recovery Plan (NMFS 2009).  

Expansion of habitat to create an independent, self-sustaining population of 
spring-run Chinook salmon is not included in either the Evaluation Criteria 
(Section 4.1.1 of the HEA) or Selection Criteria (Section 4.1.2 of the HEA) that 
the Licensees are directed to use to develop the HEP.  However, NMFS is 
directed to consider the extent to which the HEP “supports establishing a 
geographically separate, self-sustaining population of Spring-Run [Chinook]” 
(emphasis added) in approving the Final HEP (Section 4.2.3[c] of the HEA).  As 
discussed further under “Integrated Plan for Management of Spring-Run Chinook 
Salmon in the Lower Yuba River,” the Licensees envision the recommended 
actions working in concert with actions by other parties in the Lower Yuba River 
to create conditions likely to lead to development of an independent, self-
sustaining population of spring-run Chinook salmon. 

The recommended actions provide considerable support for development of an 
independent, self-sustaining population of spring-run Chinook salmon in the 
Yuba River.  NMFS has defined a viable population under the ESA to be one 
with a low risk of extinction in the wild over a 100-year time frame (McElhany et 
al. 2000).  Based on that premise, the Central Valley Technical Recovery Team 
(TRT) established criteria to evaluate risk of extinction for salmon populations 
(Lindley et al. 2007).  Several of these criteria involve risk over time or 
population dynamics that are beyond the scope of the HEA analysis.  However, 
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the TRT criteria also specify abundance levels to minimize extinction risk that 
can be related to the HET and the estimated contribution of the recommended 
actions to the HET.  The TRT criteria state that a population with low risk of 
extinction needs an effective population size in excess of 500 fish.  Effective 
population size refers to the number of successful spawners in a population and is 
typically significantly less than total abundance.  For example, Lindley et al. 
(2007) assume that effective population size is 20 percent of the total observed 
abundance of salmon.   

The HET is expressed in terms of habitat to support spring-run Chinook 
spawning—not a specific fish abundance.  Because a redd, by definition, 
represents successful spawning by at least one male and one female fish, the HET 
can be related to effective population size by assuming that habitat for each redd 
represents at least two adult spawners (and typically more).  In this light, the 
recommended actions provide habitat sufficient to support an effective 
population size that exceeds the NMFS risk criteria for a viable population.   

The Licensees have not attempted to make any conclusions regarding the actual 
abundance of fish that might return to the Yuba River as a result of the 
recommended actions.  However, given the amount of habitat provided by the 
recommended actions, there is considerable reason to believe that an independent 
population of spring-run Chinook salmon can develop in the HEA action area, 
especially in conjunction with the optional use of a segregation weir and other 
management actions by the resource agencies and other stakeholders in the 
Lower Yuba River.   

As discussed under “Eligibility under the HEA,” the actions required of the 
Corps under the 2007 BiOp are distinct and separate from those recommended by 
the Licensees under the HEA.  Nevertheless, the two sets of actions are 
complementary, with important synergisms that provide increased support for 
development of a self-sustaining, independent population of spring-run Chinook 
salmon.  For example, the Corps program would complement the Licensees 
commitment to maintenance of the expanded habitat at Sinoro Bar and Narrows 
Gateway, while the recommended actions would provide an enhanced 
geomorphic framework for the Corps gravel augmentation program.    

Other actions outlined in the 2007 BiOp that complement the HEP recommended 
actions include injection of woody debris below Englebright Dam, which would 
further enhance the expanded habitat at Sinoro Bar and Narrows Gateway.  The 
Corps also is required under the 2007 BiOp to enhance passage conditions at 
Daguerre Point Dam and to screen irrigation diversions, further adding to 
improved conditions and further supporting establishment of a self-sustaining 
spring-run Chinook salmon population.   

It should be noted that a potential limitation for establishment of a new 
independent population of spring-run Chinook salmon in the Yuba River is the 
incursion of fish from the Feather River Hatchery into the Yuba River.  Mixing 
of natural and hatchery spring-run fish can impede development of a locally 
adapted population and lower overall fitness of the population (Lindley et al. 
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2007).  Straying of fish from the Feather River will affect all restoration 
proposals in the entire Yuba River; it is the result of hatchery practices and 
conditions that are beyond the scope of the HEA. 

4.3.4 Timely Benefits to Spring-Run Chinook 
Salmon and Steelhead   

The recommended actions provide timely benefits to spring-run Chinook 
salmon and steelhead.  The HEA is clearly intended to provide actions that 
create near-term benefits to spring-run Chinook salmon and steelhead.  As noted 
in Section 5 of the HEA, the “Parties share a mutual interest in completing 
implementation of approved habitat expansion action(s) as early as reasonably 
feasible, consistent with the Licensees obtaining necessary approvals and 
permits.”  Evaluation Criterion (h) states that “earlier gains [from projects] are 
favored over later gains” (HEA Section 4.1.1[h] of the HEA).  Selection 
Criterion (d) directs the Licensees to select actions that “can be accomplished in 
a reasonable period of time” (Section 4.1.2 [d ]of the HEA).  Finally, Approval 
Criterion (f) directs NMFS to evaluate the HEP in part on whether the 
recommended actions are “expected to be implemented within a reasonable 
period of time” (Section 4.2.3 [f] of the HEA).  Beyond the clear intent of the 
HEA, the Licensees looked for actions that would provide a timely and much 
needed contribution to the conservation and recovery of spring-run Chinook 
salmon and steelhead. 

The recommended actions in the Lower Yuba River can provide benefits in the 
near future that can be sustained over an approximately 50-year period and 
beyond.  While recognizing that all actions operate within a complex array of 
legal and social constraints, the Lower Yuba River Actions are relatively free of 
legal entanglements and are supported by  the resource agencies and 
stakeholders1.  With timely approval of this plan by NMFS, implementation of 
the recommended actions can commence quickly and begin providing benefits to 
spring-run Chinook salmon and steelhead within the following year.   

4.3.5 Cost Effectiveness, Feasibility, and 
Sustainability 

The recommended actions are cost effective, feasible, and sustainable.  The 
HEA calls for recommended actions to be cost effective (Section 4.1.1[d]) of the 
HEA), feasible (i.e. supported by accepted science, low risk and non-
experimental) (Section 4.1.1[a] of the HEA) and sustainable over time 
(Section 4.1.1[c] of the HEA).  As discussed in the working definitions for HEA 
criteria in Appendix F, the most cost-effective actions are those that achieve the 

                                                      
1 The resource agencies have expressed support for the individual actions as part of an overall restoration program, 
although some agencies may not agree that the actions meet the terms and conditions of the HEA. 
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goals of the HEA at the lowest cost.  Furthermore, the signatories to the HEA 
recognized that cost is a key consideration in the successful implementation of 
the HEA, and agreed to make a good faith effort to achieve the HET at the least 
cost to the Licensees (Section 10 of the HEA).  The Licensees concluded that the 
Lower Yuba River Actions represent the most cost-effective approach available 
to meet the goals of the HEA.  Although the costs of the recommended actions 
significantly exceed the cost threshold that allows the Licensees to withdraw 
from the HEA (Section 11.1 of the HEA), they are substantially less than the 
costs of alternatives such as trap and transport of fish into the Upper Yuba River. 

The Lower Yuba River Actions are entirely feasible and use well proven 
techniques that rely substantially on natural processes to create and maintain 
habitat.  Reconstruction of instream gravel bars and features to enhance habitat 
quantity and quality has been used successfully on several California rivers, such 
as the Mokelumne River (Pasternack 2010a), Trinity River, Clear Creek, and 
elsewhere.  The use of weirs to separate species or races of salmon is a well 
proven technique that is used or planned for use in other Sacramento River 
tributaries, including Battle Creek, Clear Creek, and the Feather River.  

The expected sustainability of the Lower Yuba River Actions is high.  The 
actions rely, to a large degree, on natural processes to create and maintain habitat 
in the HEP action area after initial restoration actions.  Necessary maintenance of 
the habitat features has been accounted for but will be enhanced by the 
distribution (by natural processes) of gravel provided by the Corps, as specified 
in their Draft EA (Corps 2010).   

4.3.6 Minimal Human Intervention  

The recommended actions require minimal human intervention.  Habitat 
features required by instream life stages of anadromous salmonids develop 
through processes involving flow, channel form, and structural elements such as 
large wood (Abbe and Montgomery 1996).  These processes create and maintain 
instream habitat and significantly affect the long-term performance of 
anadromous salmonids (Gregory and Bisson 1996).  Achievement of the HET 
requires expanding habitat in the Sacramento River Basin sufficiently to 
accommodate spring-run Chinook salmon beyond the present capabilities of the 
system.  Actions that require “minimal human intervention … to achieve access 
to expanded spawning, rearing and adult holding habitat” are favored over those 
that require “a high degree of human intervention” (Section 4.1.1 [e]of the HEA). 

The Licensees concluded that expansion of habitat as defined in the HEA was 
best achieved through reliance on natural hydrologic-geomorphic processes 
whenever possible and that these natural processes were the most likely means to 
achieve needed habitat quantity and quality that could be sustained over time.  
However, the Licensees also recognize that the Yuba River is far from a natural 
system and that habitat expansion will require significant initial action as well as 
long-term maintenance over an approximately 50-year period.   
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The stream channel below Englebright Dam has been greatly altered by 
construction of Englebright Dam, hydraulic mining in the Upper Yuba River, and 
dredge mining in the Lower Yuba River.  Channel form also is affected by 
infrastructural constraints like bridges and roads, irrigation withdrawals, and 
other land use.  Nonetheless, the recommended actions in the Lower Yuba River 
rely to a large degree on natural hydrologic-geomorphic processes to provide 
long-term stability of features conducive to spring-run Chinook salmon and 
steelhead.  The Lower Yuba River Actions would remove shot rock and excess 
cobbles/boulders that currently armor the channel and would allow flow to shape 
channel features and distribute sediment and large wood (Pasternack 2010a, 
2010c).    

The habitat features created by the recommended actions would require periodic 
maintenance by the Licensees due to the elimination of natural processes, such as 
gravel recruitment into the Lower Yuba River as a result of Englebright Dam, 
and the reduced frequency of flood events due to upstream flow management.  
As discussed further under “Integrated Plan for Management of Spring-Run 
Chinook Salmon in the Lower Yuba River,” maintenance of the recommended 
actions would be aided by other planned actions such as the injection of gravel 
below Englebright Dam by the Corps (Pasternack et al. 2010).   

4.3.7 Effects of Climate Change 

The recommended actions can buffer the effects of climate change on Central 
Valley spring-run Chinook salmon.  Climate change is not explicitly referred to 
in the HEA but was considered by the Licensees with regard to the sustainability 
of an action (see the working definition for Evaluation Criterion [c] in 
Appendix F).  Climate change operating at global and regional scales is expected 
to significantly alter environmental conditions in the Central Valley (Hayhoe et 
al. 2004) and add to the degradation of habitat conditions in the Sacramento 
River Basin for anadromous salmonids (Lindley et al. 2007).  Warmer average 
annual temperatures are expected, along with decreased average rainfall and 
increased frequency of storm events.  All of these changes are expected to result 
in further degradation of conditions for anadromous salmonids and negative 
impacts on already severely depressed populations.  The effects of climate 
change are expected to be most severe on the floor of the Sacramento River 
Valley below the rim dams that now block fish access into the upper portions of 
most watersheds.  NMFS has expressed considerable concern about the effects of 
climate change on the likelihood of recovery of listed salmon populations in the 
Central Valley (Lindley et al. 2007, NMFS 2009).  Concern about the potential 
for increased adverse conditions for salmonids resulting from climate change has 
been a basis for the NMFS promoting trap-and-transport actions into upper 
watersheds such as the Yuba River, and their desire to develop new populations 
in areas where the effects of climate change might be buffered.   

The Lower Yuba River Actions offer benefits that can be sustained in the face of 
climate change.  In fact, the Lower Yuba River may be the best opportunity 
available to develop a new spring-run Chinook salmon population that can 



California Department of Water Resources and 
Pacific Gas and Electric Company 

 Chapter 4 
Rationale for Selection of HEP Actions

 

 
Habitat Expansion Agreement 
Final Habitat Expansion Plan  

 
4-16 

November 2010

ICF 00854.08

 

withstand the effects of climate change without reliance on the significant capital 
construction and annual maintenance costs of a trap-and-transport operation.   

The basis for advancing the Lower Yuba River Actions as a hedge against 
climate change impacts is twofold.  First, the Lower Yuba River is large enough 
to provide significant capacity for spring-run Chinook salmon, including the 
potential to meet the fish abundance criteria for a viable population advanced by 
Lindley et al. (2007).  Second, and perhaps more to the point, water temperatures 
in the Lower Yuba River can likely be maintained within the physiological needs 
of spring-run Chinook salmon―even as average air temperatures increase due to 
climate change.  Upper Yuba River reservoirs, such as the one behind New 
Bullards Bar Dam, are very deep and provide a significant resource of cold water 
that can be released to control downstream flow and temperature conditions.  
Importantly, the Yuba Accord provides the legal basis for managing conditions in 
the Lower Yuba River to maintain conditions suitable for anadromous salmonids.  
Assuming that they are maintained beyond 20162, the Yuba Accord flows will 
continue to provide suitable habitat conditions in the Lower Yuba River that can 
sustain a spring-run Chinook salmon population in the face of climate 
change―especially given the recommended actions in the Lower Yuba River.  

4.3.8 Consistency with NMFS Recovery Goals 
and Plan  

The recommended actions are consistent with NMFS recovery goals and plan.  
The HEA calls for actions to be consistent with the NMFS Viable Salmonid 
Population (VSP) concept (McElhany et al. 2000) and ESA recovery goals and 
recovery plan (Section 4.1.1[j] of the HEA).  The VSP concept has been widely 
applied to ESA salmon recovery and provides useful metrics to describe the 
performance of salmonid populations and population groupings, such as ESUs.  
McElhany et al. (2000) conclude that, to be viable under the ESA, individual 
populations (e.g., Mill Creek spring-run Chinook salmon) must have sufficient 
abundance, productivity, and biological diversity to weather expected 
environmental constraints and variability; sufficient spatial diversity must exist 
between populations within an ESU (e.g., Central Valley spring-run Chinook 
salmon) such that the ESU is not vulnerable to local and regional catastrophes 
(e.g., volcanic eruption).  The VSP concept does not provide criteria for VSP 
parameters, although Lindley et al. (2007) propose criteria that may be used in 
recovery of Central Valley salmonid populations.  The recommended actions 
appreciably add to the abundance, productivity, and biological diversity of 
spring-run Chinook salmon in the Yuba River and support development of a 
geographically separate population that increases spatial diversity of the Central 
Valley spring-run Chinook salmon ESU. 

                                                      
2 The Yuba Accord remains in effect through at least 2016, when the current license for the Yuba River 

Development Project expires.  The flows and temperatures outlined in the Yuba Accord were assumed to 
continue either through an extension to the accord or through post-relicensing conditions. 
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The NMFS strategy for recovery of ESA-listed fish populations in the Central 
Valley is most completely described in their Public Draft Recovery Plan.  The 
plan calls for actions in both the Lower Yuba River (below Englebright Dam) 
and the Upper Yuba River.  Although NMFS does not consider the Lower Yuba 
River spring-run Chinook salmon population to be a viable, independent 
population under present conditions, the population is classed as a Core 1 
population in the Public Draft Recovery Plan.  The plan defines Core 1 
populations as “populations identified as having the highest priority for recovery 
action implementation based on known ability to support independent 
populations, thereby contributing to the ESU/DPS-level recovery criteria” (the 
VSP spatial diversity criteria).  Further, the recovery plan characterizes the 
Lower Yuba River as having “a high potential to support a viable independent 
population of spring-run Chinook salmon” because of (1) suitable flow and water 
temperature; (2) lack of a hatchery; (3) availability of spawning habitat; and (4) 
high habitat restoration potential.  Except for the optional segregation weir, the 
recommended actions in the Lower Yuba River are included in the NMFS Public 
Draft Recovery Plan as “key near-term and long-term habitat restoration actions” 
in the Lower Yuba River needed to “secure a viable independent population of 
spring-run Chinook salmon.”  (NMFS 2009.) 

4.3.9 Local and Political Support 

The recommended actions have local and political support.  The HEA calls for 
the Licensees to screen potential actions for “favorable local/political support” 
(Section 4.1.1[h] of the HEA).  To be successful, any action implemented under 
the HEA must have the support of affected landowners, resource agencies, and 
other concerned parties.  In developing the recommended actions, the Licensees 
expended considerable effort to coordinate with local landowners, resource 
agencies, the Corps, YCWA, and other stakeholder groups and to address 
concerns and recommendations (see Chapter 2 and Appendix C).  Given the 
diversity of interests and concerns in the Central Valley, it is unrealistic to expect 
universal support for any action that significantly changes conditions in an area 
as important as the Lower Yuba River.  Nevertheless, overall support for the 
recommended actions has been positive.  The Licensees believe that most 
concerns have been addressed in this Final HEP and that the recommended 
actions can be implemented with the support of landowners, resource agencies, 
and concerned parties. 

4.3.10 Eligibility under the HEA  

The recommended actions are eligible under the HEA.  As defined in 
Section 3.2 of the HEA, “Existing Requirements and Commitments,” (a—d):   

For purposes of this Agreement, the term “Existing Requirements and 
Commitments” is intended to encompass actions expected to occur in a 
timeframe comparable to implementation of habitat expansion action(s) 
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under this Agreement.  Existing Requirements and Commitments may 
include but are not limited to: 

(a) legal or regulatory requirements that are the subject of any form of binding 
order issued by a regulatory agency or court of competent jurisdiction, at 
the time NMFS approves the habitat expansion action(s); 

(b) legal or regulatory requirements that are the subject of ongoing or imminent 
administrative or judicial action by an agency or court of competent 
jurisdiction at the time NMFS approves the habitat expansion action(s); 

(c) obligations or commitments set forth in a draft license application, final 
license application, settlement agreement, or agreement-in-principle in a 
pending hydroelectric relicensing proceeding at the time NMFS approves 
the habitat expansion action(s); and 

(d) reasonable and prudent alternatives, reasonable and prudent measures, and 
terms and conditions of any final Biological Opinion that has been issued at 
the time NMFS approves the habitat expansion action(s). 

The intent of the HEA is to increase habitat for spring-run Chinook salmon and 
steelhead “compared to the habitat available under any relevant Existing 
Requirements or Commitments” (Section 2.2 of the HEA).  The close 
relationship between the actions of various parties raises the issue of eligibility of 
the recommended actions under the HEA.   

NMFS comments on the Draft HEP state that the recommended actions in the 
Draft HEP should be considered within the scope of the actions required in the 
NMFS 2007 BiOp and therefore do not meet the HEA Approval Criteria 
regarding eligibility (see Appendix G).  As explained below, the recommended 
actions are not currently part of a final biological opinion, nor are they an 
existing legal or regulatory requirement.  Consequently, the spawning habitat 
expansion actions at Sinoro Bar and Narrows Gateway are eligible under the 
HEA.   

Currently, two documents direct resource management activities in the Lower 
Yuba River and thus hold the potential to affect the eligibility of the Lower Yuba 
River Actions being recommended under the HEA:  the Yuba Accord and the 
NMFS 2007 BiOp.  The Yuba Accord is a collaborative agreement to provide 
flows and temperatures that are conducive to successful production of listed 
anadromous salmonids within the Lower Yuba River.  The Final HEP does not 
recommend any change to flows in the river; thus, the Yuba Accord does not 
affect the eligibility under the HEA of actions recommended in the Final HEP.   

The 2007 BiOp requires significant actions from the Corps, including 
implementation of a gravel augmentation program in the Lower Yuba River.  The 
HEP recommended actions would work in concert with the actions required in 
the 2007 BiOp to create an environment conducive to the creation of a viable 
population of spring-run Chinook salmon in the Lower Yuba River.   
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4.3.10.1 Corps Gravel Augmentation Program 

The HEP recommended spawning habitat expansion actions at Sinoro Bar and 
Narrows Gateway are independent of, and complementary to, the Corps’ gravel 
augmentation program below Englebright Dam.  The purpose of the HEP 
recommended actions is to create spawning habitat where negligible amounts 
currently exist in the lower portion of the Englebright Dam Reach and the upper 
portion of the Narrows Reach.  The spawning habitat expansion action at Sinoro 
Bar (Englebright Dam Reach) involves the removal of shot rock, replacement of 
the shot rock with gravel, and recontouring of the streambed to create new 
spawning habitat.  The spawning habitat expansion action at Narrows Gateway 
(Narrows Reach) involves creation of additional spawning habitat immediately 
downstream of Sinoro Bar through removal of the armored surface layer of the 
streambed, replacement of the armored layer with gravel, and recontouring of the 
streambed. 

In contrast, the Corps gravel augmentation program is designed to provide a 
periodic injection of gravel to compensate for the loss of gravel recruitment 
caused by Englebright Dam.  The 2007 BiOp contains, as one of its Reasonable 
and Prudent Measures, the following:   

1. The Corps shall develop and implement a long-term gravel augmentation 
program to restore quality spawning habitat below Englebright Dam. 

A) The Corps shall utilize information obtained from the pilot gravel injection 
project to develop and commence implementation of a long-term gravel 
augmentation program within three years of the issuance of this biological 
opinion. 

The Corps initiated a pilot gravel injection project in November 2007, with 450 
short tons of spawning-sized gravel placed below Englebright Dam (in the pool 
below Narrows 2 Powerhouse).  Based on the results of this and other 
geomorphic studies, Pasternack (2010b) prepared the Gravel/Cobble 
Augmentation Implementation Plan (GAIP) for the Englebright Dam Reach of 
the Lower Yuba River, CA.  As part of that plan, the Corps is proposing to place 
an additional 2,000 to 5,000 short tons of spawnable-sized gravel below 
Englebright Dam (approximately 115 feet downstream of the Narrows 1 
powerhouse, to avoid potential impacts to powerhouse operations) in November 
2010 (Corps 2010).  This would likely be the first of multiple gravel injections in 
the upper portion of the Englebright Dam Reach over a period of a few years, as 
proposed for the Corps by Pasternack (2010b).   

Pasternack (2010b) indicates that implementation of the full plan is designed to 
erase the current deficit of gravel in the Englebright Dam Reach; however, 
rehabilitation at Sinoro Bar and Narrows Gateway is clearly beyond the scope of 
the plan.  The Corps program would likely create new spawning habitat upstream 
of Sinoro Bar/Narrows Gateway and potentially help to sustain the spawning 
habitat created downstream by the HEP recommended actions. 
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As noted, the HEP spawning habitat expansion actions and the Corps gravel 
augmentation program are complementary.  Each set of actions would 
independently provide expanded spawning habitat, and the Corps program could 
help to sustain the HEP actions over time through periodic introduction of gravel 
to Sinoro Bar and Narrows Gateway.  Other actions outlined in the 2007 BiOp 
that complement the HEP recommended Lower Yuba River Actions include 
injection of woody debris (which could aid in gravel retention and improved 
microhabitat conditions), improvements to passage at Daguerre Point Dam, and 
screening of diversions downstream of the Lower Yuba River habitat expansion 
actions.  

4.3.10.2 Existing Legal and Regulatory Requirements 

The 2007 BiOp recently was challenged in federal court (South Yuba River 
Citizens League and Friends of the River v. National Marine Fisheries Service et 
al.).  The July 8, 2010 court order found that the 2007 BiOp had failed to provide 
a rational connection between the determination that operation of Englebright 
Dam would perpetuate unmitigated stressors and the conclusion by NMFS that 
those stressors would not jeopardize the listed fish.  Given that, the court held it 
could not conclude whether the measures required in NMFS Incidental Take 
Statement achieved the goal of not jeopardizing the species ─ that is, the court 
could not decide on the record whether the measures were inadequate [July 8, 
2010 Order p. 70]. 

More importantly, the court’s ruling did not center on the Corps gravel 
augmentation program, which currently is being implemented.  Accordingly, it 
appears that the other stressors identified in the litigation would be subject to 
change in any revised biological opinion that may be issued as a result of the 
court’s ruling. The ruling does address inadequate language related to fish 
passage at Daguerre Point Dam, inadequate language addressing screening at the 
South Yuba-Brophy diversion, failure to consider the effects of fish straying from 
the Feather River Fish Hatchery, failure to address the effects of climate change, 
failure to include a discussion of effects from the condition of the Delta, and 
failure to address the potential threat of poaching.  It should be noted that the 
court discussed the Corps gravel augmentation program and concluded that the 
reliance of the biological opinion on the proposed gravel augmentation program 
was itself reasonable.   

Consequently, the expansion of spawning habitat recommended in the Final HEP 
is not part of any legal or regulatory requirement that is the subject of any form 
of binding order issued by a regulatory agency or court of competent jurisdiction.  
In addition, there is no evidence to indicate that the gravel augmentation program 
that is currently being undertaken by the Corps will be expanded upon by the 
court or by NMFS at a future time to include the recommended HEP actions. 
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4.3.10.3 Conclusion 

According to the HEA, actions that are part of a final biological opinion when 
NMFS approves the Final HEP and actions that are “expected to occur in a 
timeframe comparable to implementation of habitat expansion action(s) under 
this Agreement” are ineligible. The actions recommended in this Final HEP are 
not currently part of a final biological opinion and, pending a timely 
determination from NMFS, the Final HEP will be approved or denied prior to 
development of any Reasonable and Prudent Measures and Terms and 
Conditions for a new biological opinion.  Consequently, the spawning habitat 
expansion actions at Sinoro Bar and Narrows Gateway are eligible under the 
HEA.   

The Final HEP assumes that the Corps gravel augmentation program will 
continue over the long term; however, the Licensees recognize their 
responsibility for maintaining habitat expansion actions at the spawning 
rehabilitation sites (Sinoro Bar and Narrows Gateway) for the term of their 
obligation under the HEA regardless of actions by the Corps under the 2007 
BiOp.  Therefore, gravel augmentation necessary to sustain the habitat created 
will be assured by one or both of these two processes. 

4.3.11 Integrated Plan for Management of Spring-
Run Chinook Salmon in the Lower Yuba 
River   

The recommended actions support an integrated plan for management of 
spring-run Chinook salmon in the Lower Yuba River.  The recommended 
actions would substantially improve conditions in the Lower Yuba River for 
spring-run Chinook salmon and support the development of an independent, self-
sustaining spring-run Chinook salmon population in the Yuba River.  However, 
development of a new, self-sustaining population of spring-run Chinook salmon 
in the Lower Yuba River would depend on the actions of all concerned 
management entities and groups to develop the required habitat conditions.   

The vision of the Licensees is that resource agencies and concerned parties will 
work together to develop habitat conditions in the Yuba River below Englebright 
Dam capable of supporting independent, self-sustaining populations of spring-
run Chinook salmon, fall-run Chinook salmon, and steelhead.  Additionally, 
these habitat conditions should support sport fisheries in the Lower Yuba River 
and the harvest management goals of the fishery management agencies—as well 
as broader goals in the Yuba River, including reintroduction of anadromous 
salmonids into areas above Englebright Dam.  The effectiveness of the HEP 
recommended actions will be magnified by the efforts of other parties to achieve 
this vision. 



California Department of Water Resources and 
Pacific Gas and Electric Company 

 Chapter 4 
Rationale for Selection of HEP Actions

 

 
Habitat Expansion Agreement 
Final Habitat Expansion Plan  

 
4-22 

November 2010

ICF 00854.08

 

The recommended actions, in effect, divide the Lower Yuba River into two 
management zones:  an area below the Narrows Pool where the management 
emphasis would be on production of fall-run Chinook salmon and an area above 
that point where the management emphasis would be on production of spring-run 
Chinook salmon (Figure 4-1).  DFG has indicated support for managing the HEA 
action area to support spring-run Chinook salmon (Hill pers. comm.).  The 
Narrows Pool would provide deep holding habitat for adult spring-run fish before 
they move into the Narrows Reach and the Englebright Dam Reach to spawn.  
The expectation is that the bulk of spring-run Chinook salmon spawning in the 
Lower Yuba River would occur in the Narrows and Englebright Dam Reaches, in 
the habitat created by the recommended actions. 

The recommended actions, plus those expected to be completed by other parties, 
create the conditions necessary to achieve the vision articulated above and allow 
the HEA actions to support development of the geographically separate, self-
sustaining population of spring-run Chinook salmon in the Lower Yuba River 
called for in the Public Draft Recovery Plan.  Listed below, for example, are the 
HEP recommended actions arrayed with actions planned or required of other 
parties, in addition to a natural feature, that support development of an 
independent population of spring-run Chinook salmon in the Lower Yuba River 
(HEP recommended actions shown in bold type): 

 Management of the upper portion of the Lower Yuba River for spring-run 
Chinook salmon (DFG) 

 Gravel and wood injection below Englebright Dam (Corps) 

 Sinoro Bar spawning habitat expansion (HEA) 

 Narrows Gateway spawning habitat expansion (HEA) 

 Narrows Pool (natural holding pool) 

 Optional segregation weir (HEA) 

 Daguerre Point Dam passage enhancement (Corps) 

 Yuba Goldfields juvenile rearing habitat expansion (SYRCL, USFWS, 
Western Aggregates) 

 Lower Yuba River flow/temperature management (Yuba Accord, YCWA) 

The benefits of the recommended actions under the HEA would be amplified by 
these additional actions.  The recommended actions would, in particular, be 
enhanced by the actions of the Corps under the BiOp for their operation of 
Englebright and Daguerre Point Dams.  The 2007 BiOp requires the Corps to 
provide spawnable gravel and large wood below Englebright Dam (but above 
and not connected to Sinoro Bar), and to correct passage problems for adult and 
juvenile Chinook salmon and steelhead at Daguerre Point Dam (NMFS 2007).  
The addition of gravel and large wood above Sinoro Bar would add to the habitat 
potential of the spawning area in the Englebright Dam Reach and would 
contribute to maintenance of the spawning habitat expansion at Sinoro Bar and 
Narrows Gateway (Pasternack et al. 2010).    
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4.4 Summary 

In summary, the Lower Yuba River Actions represent an excellent opportunity to 
meet the goals, terms, and conditions of the HEA.  They provide a significant, 
timely, and much needed contribution to the conservation and recovery of spring-
run Chinook salmon with ancillary benefits to steelhead.  Upon approval, the 
Licensees are confident that, with the support of the HEA signatories and other 
stakeholders, the Lower Yuba River Actions can be implemented within a 
reasonable time frame (i.e., within approximately 5 years), providing an almost 
immediate benefit to spring-run Chinook salmon. 

Table 4-2 summarizes the attributes assigned to the Lower Yuba River Actions 
by the Licensees, as well as an evaluation of these actions based on applying the 
NMFS Approval Criteria specified in the HEA.  Approval of the Final HEP will 
be determined by NMFS, after input from the HEA signatories and other 
stakeholders, using the Approval Criteria.  Chapter 5 describes the remaining 
phases of the HEA. 

Table 4-2.  Application of NMFS Approval Criteria to Lower Yuba River Habitat Expansion Actions 
(Lower Yuba River Actions) 

Action Attributes  Lower Yuba River Actions 

Estimated contribution to the Habitat Expansion Thresholda  4,182 adult spring-run Chinook salmonb 

Estimated cost ~$23.4 millionc 

NMFS Approval Criteria Evaluationd  

Estimated to meet the Habitat Expansion Threshold? Yes 

Assures necessary testing, operations, and maintenance? Yes 

Supports establishing geographically separate self-sustaining 
population?e 

Yes 

Supports segregating spring-run from fall-run? e, f Yes 

Eligible? Yes 

Expected to be implemented in a reasonable period of time? Yes 

Note: The Lower Yuba River Habitat Expansion Actions (Lower Yuba River Actions) consist of expanding spawning habitat 
at Sinoro Bar and Narrows Gateway in the Lower Yuba River and the option of planning for and installing a 
seasonally operated segregation weir on the Yuba River below the outlet of the Narrows Pool, if deemed necessary by 
the resource agencies (National Marine Fisheries Service, U.S. Fish and Wildlife Service, and California Department 
of Fish and Game).   

a This value reflects the potential number of adult fish that can be supported by habitat expansion.  Actual results of the 
actions could differ due to a variety of factors both inside and outside the Yuba River.  

b This estimated contribution to the Habitat Expansion Threshold (HET) was calculated using the methodology described in 
Appendix N of the Final HEP, which yielded a specific number.  The estimated contribution of the recommended actions to 
the HET represents an index of the increase in quality and quantity of habitat for spring-run Chinook salmon.  The 
calculation is not meant to imply a degree of precision.   

c  A 20-percent contingency was added to the estimate due to uncertainties in available cost information. 
e Criterion not required for approval. 
f Segregation may occur naturally or, if deemed necessary by the resource agencies, with installation of an optional 

segregation weir. 
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Chapter 5 
Remaining Phases of the 

Habitat Expansion Agreement 

This chapter discusses the remaining phases and actions associated with the 
HEA, including: 

 pre-approval consultation and approval of a Final HEP by NMFS;  

 a preliminary design phase that includes preparation of feasibility-level 
designs and cost estimates for the approved action(s), and preparation of a 
Preliminary Design Report; 

  FERC licensing; 

 a final design and permitting phase that entails preparation of bid-level 
designs and cost estimates, and  a Final Design and Permitting Report; 

 an implementation phase and Final Report; and 

 a final test phase, with functional start-up testing and preparation of a Final 
Test Report. 

A description of each phase is provided in the following sections.  The timing for 
each phase is presented in Appendix A. 

Throughout each of the remaining phases of the HEA, the Licensees will 
continue to coordinate with the HEA signatories and other stakeholders, and in 
particular with landowners that could be affected by implementation of the 
approved action(s).   

5.1 Final HEP 

As required in Section 4.2 of the HEA, the Licensees have prepared and 
submitted this Final HEP to NMFS for review and approval.  The Licensees have 
also distributed this Final HEP to the HEA signatories and other stakeholders, for 
their information only.  As stated in the HEA, the Licensees will not solicit 
comments on the Final HEP. 

The following sections describe the steps that will be taken before NMFS will 
consider approval of the Final HEP, including pre-approval consultation, 
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application of the NMFS Approval Criteria, and a determination of whether the 
recommended action(s) meet the HET. 

5.1.1 Pre-Approval Consultation 

Before approving the Final HEP, NMFS will commence a 60-day consultation 
process with the HEA signatories, State Water Board, and other stakeholders.  
During this consultation period, NMFS will consider comments received on the 
Final HEP and will specifically address comments provided by the HEA 
signatories or other stakeholders pertaining to whether the habitat expansion 
actions(s) recommended by the Licensees in the Final HEP are already existing 
requirements and commitments (i.e., actions that are expected to occur in a 
timeframe comparable to implementation of habitat expansion action[s] under the 
HEA; see Section 3.2 of the HEA).  Additionally, NMFS will consult with 
USFWS and DFG to consider the potential benefits and impacts of recommended 
habitat expansion action(s) on resident fish at the location of the action(s).  
(Section 4.2.2 of the HEA.) 

5.1.2 NMFS Approval Criteria 

In determining whether to approve the Final HEP, NMFS will review 
information submitted by the Licensees, comments received from the HEA 
signatories and other stakeholders, and any other relevant information.  NMFS 
will consider the extent to which the habitat expansion action(s) recommended in 
the final plan meet the following Approval Criteria: 

a. estimated to meet the HET; 

b. assures necessary testing, operation, and maintenance; 

c. supports establishing a geographically separate, self-sustaining population of 
spring-run Chinook salmon; 

d. supports segregating spring-run Chinook salmon habitat from Central Valley 
fall-run Chinook salmon; 

e. meets the requirements for eligible habitat expansion action(s) pursuant to 
Section 3 of the HEA (including, but not limited to, dam removals, dam 
reoperation, creation or enhancement of fishways, water temperature and/or 
flow improvements, or other physical habitat enhancements); and 

f. is expected to be implemented within a reasonable period of time.  
(Section 4.2.3 of the HEA.) 

Pursuant to the HEA, NMFS will not withhold approval for any recommended 
habitat expansion action(s) determined by NMFS to meet all six Approval 
Criteria listed above.  In addition, NMFS may approve recommended habitat 
expansion action(s) that meet at least the following four Approval Criteria:  (a), 
(b), (e), and (f).  (Section 4.2.4 of the HEA.) 
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5.1.3 Determination That the Recommended 
Habitat Expansion Actions Meet the HET 

The actions recommended in this Final HEP (the Lower Yuba River Actions) 
meet the HET, as required under the HEA.  However, if NMFS does not agree 
that the Lower Yuba River Actions meet the HET, the Licensees and NMFS may 
select a neutral third party with appropriate expertise to make an independent 
estimate of the contribution of recommended actions to the HET.  NMFS will 
take into consideration the independent estimate before making its final decision 
whether to approve the Lower Yuba River Actions.  (Section 4.2.5 of the HEA.) 

If NMFS determines that the Lower Yuba River Actions would not meet the 
HET, NMFS may consult with the Licensees to consider the acceptability of the 
recommended actions and, at the discretion of NMFS, either: 

 accept the recommended actions as meeting the overall goal of the HEA and 
substantially meeting the HET, within a reasonable margin of estimating 
error; 

 identify other habitat expansion action(s) mutually acceptable to NMFS and 
the Licensees that may be approved by NMFS, in which case NMFS may 
approve the Final HEP (as modified to incorporate the mutually acceptable 
habitat expansion action[s]) after consulting with the HEA signatories and 
other stakeholders; or 

 deny approval of the Final HEP (Section 4.2.6 of the HEA). 

5.1.4 Approval Decision by NMFS 

After completing its review of the Final HEP, NMFS will provide the HEA 
signatories with a written notice of its approval decision.  If NMFS does not 
approve the Final HEP, the written notice will identify the specific reasons why 
the Final HEP was not approved.  In such case, the Licensees will have an 
opportunity to assess and amend the deficiencies identified by NMFS, and to 
submit a modified plan for review and approval by NMFS.  The Licensees will 
distribute the modified plan to the HEA signatories and other stakeholders, for 
information only.  Upon its approval of the modified Final HEP, NMFS will 
provide the HEA signatories with a written notice of its decision.  (Section 4.2.7 
of the HEA.) 

Within 90 days after the effective date of written notice by NMFS approving the 
Final HEP, the Licensees will distribute to the HEA signatories, other 
stakeholders, and FERC, for information only:  

 the approved HEP reflecting any modifications during the NMFS approval 
process; and  
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 an updated schedule for each of the remaining process phases, as identified in 
Section 4 of the HEA and described in the following sections (Section 4.2.8 
of the HEA). 

As stated in Section 7.1 of the HEA, NMFS and the resource agencies are 
responsible for providing timely information and consultation as requested by the 
Licensees, and for diligent and timely processing of all permits, approvals, and 
rights necessary for implementing the HEA, subject to the availability of the 
agency’s resources and authority. 

5.2 Preliminary Design Phase 

For the preliminary design phase of the approved action(s), the Licensees will: 

 prepare feasibility-level designs and cost estimates for the approved 
action(s), 

 prepare and distribute semi-annual status reports, 

 prepare a Preliminary Design Report, and 

 submit the Preliminary Design Report to NMFS for a consistency 
determination. 

Each task is described below. 

5.2.1 Feasibility-Level Designs and Cost 
Estimates 

After the Licensees have distributed an approved HEP, as described above, they 
will begin the preliminary design phase for the recommended action(s).  During 
the preliminary design phase, the Licensees will prepare feasibility-level designs 
and cost estimates for the habitat expansion action(s) presented in the approved 
HEP.  If the habitat expansion action(s) involve engineered fishway designs, 
fishway systems, or major engineered components, the Licensees will consult 
with the NMFS Southwest Region Fisheries Engineering Team.  (Section 4.3 of 
the HEA.) 

5.2.2 Semi-Annual Status Reports 

During the preliminary design phase, the Licensees will prepare and distribute 
semi-annual status reports to the HEA signatories and other stakeholders.  These 
reports will be for information only.  (Section 4.3 of the HEA.) 
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5.2.3 Preliminary Design Report  

The preliminary design phase will include the Licensees’ preparation of a 
Preliminary Design Report, which will consist of:   

 a preliminary design of the approved habitat expansion action(s);  

 updated cost estimates; and  

 a schedule for each of the remaining process phases, as identified in 
Section 4 of the HEA and described in the following sections (Section 4.3 of 
the HEA). 

5.2.4 Consistency Determination by NMFS 

After completing the Preliminary Design Report, the Licensees will submit the 
report to NMFS for its determination of whether the report is materially 
consistent with the approved HEP.  The Licensees also will distribute the 
Preliminary Design Report to the HEA signatories and other stakeholders, for 
information only.  (Section 4.4 of the HEA.) 

After receiving the Preliminary Design Report, NMFS will have 90 days to 
provide the HEA signatories with a written notice of its consistency 
determination.  The 90-day review period may be extended for good cause or if 
NMFS solicits additional information from the Licensees that is necessary and 
appropriate for NMFS to determine whether the Preliminary Design Report is 
materially consistent with the approved HEP. (Section 4.4 of the HEA.) 

After receiving any additional information necessary and appropriate for issuance 
of a determination, NMFS will have 90 days to provide the HEA signatories with 
a written notice of its consistency determination.  If NMFS determines that the 
Preliminary Design Report is not materially consistent with the approved HEP, 
the written notice will identify the specific elements of the Preliminary Design 
Report that are not materially consistent.  In this event, the Licensees will have 
an opportunity to assess and amend the inconsistencies identified by NMFS and 
to prepare a modified Preliminary Design Report, which will be submitted to 
NMFS for a consistency determination. (Section 4.4 of the HEA.) 

5.3 FERC Licensing 

Before proceeding with the final design and permitting phase and other process 
phases, as identified in Section 4 of the HEA and described in the following 
sections, the Licensees must receive and accept new project licenses from FERC 
for the Oroville, Poe, and Upper North Fork Feather River Projects (Section 4.5 
of the HEA). 
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5.4 Final Design and Permitting Phase 

Following a determination of consistency by NMFS of the Preliminary Design 
Report, and following the Licensees’ acceptance of each of the new licenses from 
FERC for the Oroville, Poe, and Upper North Fork Feather River Projects, the 
Licensees will begin the final design and permitting phase.  For the final design 
and permitting phase of the approved action(s), the Licensees will: 

 prepare bid-level design and cost estimates; 

 apply for all permits, approvals, and rights necessary to implement;  

 prepare and distribute semi-annual status reports;  

 prepare a Final Design and Permitting Report; and 

 submit a Final Design and Permitting Report to NMFS for a consistency 
determination.  

Each task is described below. If permitting and design for the approved action(s) 
is already complete, the Licensees will use the completed documentation rather 
than begin a new permitting and design phase.   

5.4.1 Bid-Level Designs, Cost Estimates, and 
Related Permitting 

During the final design and permitting phase of the approved action(s), the 
Licensees will prepare bid-level designs and cost estimates and will apply for all 
permits, approvals, and rights necessary to implement the approved HEP.  If the 
approved habitat expansion action(s) involve engineered fishway designs, 
fishway systems, or major engineered components, the Licensees will consult 
with the NMFS Southwest Region Fisheries Engineering Team.  (Section 4.5 of 
the HEA.) 

5.4.2 Semi-Annual Status Reports 

During the final design and permitting phase, the Licensees will prepare and 
distribute semi-annual status reports to the HEA signatories and other 
stakeholders.  The semi-annual status reports will be for information only.  
(Section 4.5 of the HEA.) 

5.4.3 Final Design and Permitting Report  

The final design and permitting phase will include the Licensees preparing a 
Final Design and Permitting Report, which will consist of:   
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 final designs and permit status of the approved habitat expansion action(s); 

 updated cost estimates; and  

 a schedule for each of the remaining process phases, as identified in 
Section 4 of the HEA and described in the following sections (Section 4.5 of 
the HEA). 

5.4.4 Consistency Determination by NMFS 

After completing the Final Design and Permitting Report, the Licensees will 
submit it to NMFS for a determination of whether the Final Design and 
Permitting Report is materially consistent with the approved HEP.  The 
Licensees also will distribute the Final Design and Permitting Report to the HEA 
signatories and other stakeholders, for information only.  (Section 4.6 of the 
HEA.) 

After receiving the Final Design and Permitting Report, NMFS will have 90 days 
to provide the HEA signatories with a written notice of its consistency 
determination.  The 90-day review period may be extended for good cause or if 
NMFS solicits additional information from the Licensees that is necessary and 
appropriate for NMFS to determine whether the Final Design and Permitting 
Report is materially consistent with the approved HEP.  (Section 4.6 of the 
HEA.) 

After receiving any additional information necessary and appropriate for issuance 
of a determination, NMFS will have 90 days to provide the HEA signatories with 
a written notice of its consistency determination.  If NMFS determines that the 
Final Design and Permitting Report is not materially consistent with the 
approved HEP, the written notice will identify the specific elements of the Final 
Design and Permitting Report that are not materially consistent.  In this event, the 
Licensees will have an opportunity to assess and amend the inconsistencies 
identified by NMFS and to prepare a modified Final Design and Permitting 
Report, which will be submitted to NMFS for a consistency determination.  
(Section 4.6 of the HEA.) 

5.5 Implementation Phase 

Following NMFS’ consistency determination of the Final Design and Permitting 
Report, the Licensees will implement the approved HEP.  For the implementation 
phase of the approved action(s), the Licensees will: 

 implement the approved action(s) individually, jointly, or through 
cooperative efforts with others;  

 prepare and distribute semi-annual status reports; and 

 prepare and distribute a Final Report. 
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Each task is described below. 

5.5.1 Implementation of Approved Action(s) 

The Licensees will implement the approved action(s), provided, however, that if 
any final permit, approval, or right applied for during the final design and 
permitting phase contains a condition that is materially inconsistent with the 
approved HEP, the Licensees will resolve the inconsistency in a way that is 
acceptable to NMFS, after notifying and consulting with the HEA signatories and 
other stakeholders (Section 4.7 of the HEA). 

Implementation of the approved action(s) by the Licensees may occur 
individually, jointly, or through cooperative efforts with others.  Such 
implementation, and any subsequent operation and maintenance actions, will not 
extend beyond the term described in Section 1.4 of the HEA (i.e., through the 
term of the last expiring new project license received from FERC).  (Section 4.7 
of the HEA.) 

5.5.2 Semi-Annual Status Reports 

During the implementation phase, the Licensees will prepare and distribute semi-
annual status reports to the HEA signatories and other stakeholders.  The semi-
annual status reports will be for information only.  (Section 4.7 of the HEA.) 

5.5.3 Final Report 

Once implementation of the approved action(s) is complete, the Licensees will 
distribute to the HEA signatories and other stakeholders, for information only, a 
Final Report with updated cost and schedule information for each of the 
remaining phases, as identified in Section 4 of the HEA and described in the 
following sections (Section 4.7 of the HEA). 

5.6 Final Test Phase 

After completing implementation of the approved habitat expansion action(s), the 
Licensees will begin the final test phase.  For the final test phase of the approved 
action(s), the Licensees will: 

 perform functional start-up testing, 

 prepare and distribute semi-annual status reports,  

 prepare a Final Test Report, and 

 submit a Final Test Report to NMFS for a functionality determination. 
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Each task is described below. 

5.6.1 Start-Up Testing 

Upon completing implementation of the approved habitat expansion action(s) as 
described in the approved HEP, the Licensees will perform functional start-up 
testing to technically validate the specified designs for the action(s), as may be 
required by the approved HEP and as may be further described in or modified by 
the Final Design and Permitting Report (Section 4.8 of the HEA). 

5.6.2 Semi-Annual Status Reports 

During the final test phase, the Licensees will prepare and distribute, as 
necessary, semi-annual status reports to the HEA signatories and other 
stakeholders.  The semi-annual status reports will be for information only.  
(Section 4.8 of the HEA.) 

5.6.3 Final Test Report 

This final test phase will include the Licensees’ preparation of a Final Test 
Report, which will contain the design and function of the actions implemented 
and the test results and conclusions from any start-up testing that may be required 
(Section 4.8 of the HEA). 

5.6.4 Functionality Determination by NMFS 

After completing the Final Test Report described above, the Licensees will 
submit the Final Test Report to NMFS for a functionality determination.  NMFS 
will determine:  (1) whether any functional start-up testing required by the 
approved HEP, as may be further described in or modified by the Final Design 
and Permitting Report, has been performed; and (2) whether such testing 
demonstrates that all element(s) of the habitat expansion action(s) relevant to the 
functional start-up testing are functional.  The Licensees also will distribute the 
Final Test Report to the HEA signatories and other stakeholders, for information 
only.  (Section 4.9 of the HEA.) 

After receiving the Final Test Report, NMFS will have 90 days to provide the 
HEA signatories with a written notice of its functionality determination.  The 90-
day review period may be extended for good cause or if NMFS solicits additional 
information from the Licensees that is necessary and appropriate for NMFS to 
determine whether all element(s) of the habitat expansion action(s) relevant to 
the functional start-up testing are functional.  (Section 4.9 of the HEA.) 
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After receiving any additional information necessary for issuance of a 
determination, NMFS will have 90 days to provide the HEA signatories with a 
written notice of its functionality determination.  If NMFS concludes that any 
element(s) of the habitat expansion action(s) relevant to the functional start-up 
testing are not functional, the written notice will specifically identify such non-
functional element(s).  In this event, the Licensees will have an opportunity to 
assess all elements associated with the habitat expansion action(s); complete any 
repairs or replacement, as necessary; and prepare a modified Final Test Report, 
which will be submitted to NMFS for a functionality determination.  (Section 4.9 
of the HEA.) 

5.7 Timeframes 

The HEA signatories share a mutual interest in completing implementation of the 
approved habitat expansion action(s) as early as reasonably feasible and 
consistent with the Licensees obtaining necessary approvals and permits 
(Section 5 of the HEA). 

Appendix A graphically depicts the planning and implementation steps and 
deadlines required by the phases described above.  If the Licensees are not able 
to achieve the deadlines specified above or approved pursuant to the HEA, they 
may request an extension of time from NMFS, which extension NMFS may grant 
if good cause exists.  If NMFS is not able to achieve the deadlines specified 
above or approved pursuant to the HEA, it may request an extension of time from 
the Licensees, which extension the Licensees may grant if good cause exists 
(good cause includes, but is not limited to, events or circumstances beyond the 
Licensees’ or NMFS’ reasonable control).  Upon requesting an extension of time, 
the Licensees and NMFS will provide a written notice of such a request to the 
HEA signatories.  The HEA signatories will then make their best efforts to ensure 
that the cumulative effect of these extensions does not significantly delay the 
Licensee(s)’s decision whether to withdraw from the HEA (see Section 11.1 of 
the HEA) or implement the habitat expansion action(s).  (Section 5 of the HEA.) 
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4.1
Licensees submit Draft Habitat Expansion 
Plan

4.1.3
Parties and others review and comment 
on Draft Habitat Expansion Plan <90 days

4.2
Licensees prepare and submit Final 
Habitat Expansion Plan (includes 6-month 
extension) 90 days

4.2.7
NMFS distributes Final Habitat Expansion 
Plan for 60-day consultation period with 
Parties and others 60 days

4.2.7
NMFS reviews, responds to comments, 
and approves Final Habitat Expansion 
Plan ~90 daysa

4.2.8
Licensees distribute NMFS-approved 
Final Habitat Expansion Plan <90 days

4 3
Licensees prepare Preliminary Design 

?

Appendix A.  Approval and Implementation Schedule for Habitat Expansion Actions

180 days

4.3
Licensees prepare Preliminary Design 
Report

~90 daysb

4.4
NMFS determines Consistency of 
Preliminary Design Report <90 days

4.5
Licensees prepare Final Design and 
Permitting Report (after issuance of new 
Project Licenses)

4.6
NMFS determines Consistency of Final 
Design and Permitting Report <90 days

4.7 Licensees implement actions
variable

4.8 Licensees prepare Final Test Report
variable

4.9 NMFS determines functionality
<90 days

Notes:
a The timing for NMFS to make an approval decision on the Final Habitat Expansion Plan is not defined in the HEA (Section 4.2.7); however, for planning purposes, the Steering Committee assumed 

that an approval would be made by NMFS in approximately 90 days.
b The timing for the Licensees to prepare the Preliminary Design Report is not defined in the HEA (Section 4.3); however, for planning purposes, the Steering Committee assumed that the report would be completed in 90 days.
c The timing for the Licensees to prepare the Final Design and Permitting Report is not defined in the HEA (Section 4.5); however, for planning purposes, the Steering Committee assumed that the report would be completed in 180 days.
HEA Habitat Expansion Agreement
Licensees California Department of Water Resources and Pacific Gas and Electric Company
NMFS National Marine Fisheries Service
Parties Signatories to the HEA

~180 daysc
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Habitat Expansion Agreement for Central Valley Spring­Run Chinook Salmon and California Central Valley Steelhead

Reference 
Number

Description of Action
Target Life 

Stage(s)
Stream

Source 
Document

Reference Cited in Source Notes

NS-1

Supplement flows in Antelope Creek with 
water acquired from willing sellers consistent 
with applicable guidelines or negotiate 
agreements to allow passage of juvenile and 
adult spring-, fall- and late-fall-run Chinook 
salmon and steelhead.

All Antelope Creek
PG&E/CalTrout 

Prioritized 
Actions List

AFRP Restoration Plan (USFWS 2001).

Economic feasibility and level of 
local/political support for flow 
supplementation are unknown. 
Additionally, the benefit of flow 
supplementation to maintenance of 
spatial separation is unclear.

NS-2

Enhance watershed resiliency by identifying 
and implementing projects that would reduce 
the potential for, and magnitude of a 
catastrophic wildfire, restore meadows to 
potentially increase summer flows and reduce 
local water temperatures, or increase riparian 
shade and reduce sources of chronic road-
related erosion of sediment (U.S. Forest 
Service Long-Term Anadromous Fish 
Conservation Strategy).

All Antelope Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft

U.S. Forest Service Long-term Anadromous Fish 
Conservation Strategy.

NS-3

Implement the Edwards Dam Ladder 
construction project (AFRP website 2005). 

Conduct fish passage evaluation at all 
agricultural diversions to determine if they 
meet NMFS’ fish passage criteria. Design and 
install state-of-the-art fish passage facilities at 
diversions that currently do not meet the 
passage criteria. 

Adult Immigration Antelope Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
http://www.delta.dfg.ca.gov/afrp/

The Edwards Dam Ladder construction 
project was completed in October 2007.  
Juvenile bypass facilities are still needed 
as of October 2008.

NS-4

Develop an Antelope Creek fish passage 
assessment, including recommendations for 
improving channel connectivity, flow 
consolidation, and minimizing entrainment 
through installation of state-of-the-art fish 
passage facilities at diversions (AFRP Website 
2005). 

Adult Immigration Antelope Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
http://www.delta.dfg.ca.gov/afrp/

Northern Sierra Nevada Spring Run Salmon Diversity Group

Working List of Potential Habitat Expansion Actions

The following non-prioritized list of actions has been compiled by the HEA Steering Committee based on the potential of the actions to help satisfy requirements of the Habitat Expansion Agreement.  
The working list is pre-decisional and does not necessarily represent actions that will be selected by the HEA Steering Committee to include in the Draft Habitat Expansion Plan. 

DRAFT
FOR DISCUSSION PURPOSES ONLY

1 1/13/2009  12:04 PM



Habitat Expansion Agreement for Central Valley Spring­Run Chinook Salmon and California Central Valley Steelhead

Reference 
Number

Description of Action
Target Life 

Stage(s)
Stream

Source 
Document

Reference Cited in Source Notes

NS-5

Evaluate and dedicate instream flows and 
consolidate channels to facilitate upstream 
attraction and passage (NMFS 2007b).

Dedicate instream flows through water 
exchange agreements with all water users. 

Improve passage conditions at Paynes crossing 
to allow upstream passage during low flows. 

Adult Immigration, 
Adult Holding

Antelope Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft

Summary of Threats and Recovery Actions for Spring-Run 
and Winter-Run Chinook Salmon. (Notes from the 
Sacramento Salmon and Steelhead Recovery Workshop, 
May 22, 2007.)

Also referred to as Tehama Wildlife 
Area crossing. AFRP is currently 
funding a fish passage feasibility study 
at this site, but as of October 2008 
funding has not been identified for 
construction.

NS-6
Identify gravel starved areas in Antelope Creek 
and implement gravel additions. 

Spawning Antelope Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-7
Build sediment retention structures; fortify 
streambanks with native vegetation. 

Spawning, Egg 
Incubation

Antelope Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-8

Implement bank revetment removal programs 
and projects and breach or remove abandoned 
levees during set-back levee projects. 

Summer/Winter 
Rearing, Juvenile 
Emigration

Antelope Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-9
Implement projects to increase floodplain 
habitat availability to improve habitat 
conditions for juvenile rearing (NMFS 2007b). 

Summer/Winter 
Rearing

Antelope Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft

Summary of Threats and Recovery Actions for Spring-Run 
and Winter-Run Chinook Salmon. (Notes from the 
Sacramento Salmon and Steelhead Recovery Workshop, 
May 22, 2007.)

NS-10

Implement projects that cooperatively work 
with landowners to modify existing diversions 
so that fish do not become entrained in 
agricultural fields. 

Juvenile Emigration Antelope Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-11 Screen diversions in Antelope Creek Juvenile Emigration Antelope Creek
PG&E/CalTrout 

Prioritized 
Actions List

Collaborative Group 2006.

NS-12

Remove the partial barrier (old agricultural 
dam) approximately 0.4 river miles 
downstream of Higgins Hole, located on 
private property.

Adult Immigration
Big Chico 

Creek
HEA Steering 

Committee
No reference cited.

Fish passage evaluation has not been 
done for this site.

DRAFT
FOR DISCUSSION PURPOSES ONLY

2 1/13/2009  12:04 PM



Habitat Expansion Agreement for Central Valley Spring­Run Chinook Salmon and California Central Valley Steelhead

Reference 
Number

Description of Action
Target Life 

Stage(s)
Stream

Source 
Document

Reference Cited in Source Notes

NS-13

Implement the Iron Canyon Fish Passage 
Project (AFRP Website 2005). Conduct Fish 
Passage evaluation at all dams and diversions 
to determine if they meet NMFS fish passage 
criteria. Design and install state-of-the-art fish 
passage facilities at diversions (1-mile dam, 5-
mile dam) that currently do not meet the 
passage criteria.

Adult Immigration
Big Chico 

Creek

NMFS  Recovery 
Plan Co-Manager 

Review Draft
http://www.delta.dfg.ca.gov/afrp/

NS-14
Repair the Iron Canyon fish ladder in Big 
Chico Creek.

Adult Immigration
Big Chico 

Creek

PG&E/CalTrout 
Prioritized 

Actions List
AFRP Restoration Plan (USFWS 2001).

NS-15
Repair the Lindo Channel weir and fishway at 
the Lindo Channel box culvert at the Five-Mile 
Diversion in Big Chico Creek.

Adult Immigration
Big Chico 

Creek

PG&E/CalTrout 
Prioritized 

Actions List
AFRP Restoration Plan (USFWS 2001).

Need to acquire more information about 
the box culvert and fishway mentioned 
in this action.

NS-16

Protect spring-run Chinook salmon summer 
holding pools in Big Chico Creek by obtaining 
from willing sellers titles or conservation 
easements on lands adjacent to the pools.

Adult Holding
Big Chico 

Creek

PG&E/CalTrout 
Prioritized 

Actions List
AFRP Restoration Plan (USFWS 2001).

Benefit of this action would depend on 
the implementation of the Iron Canyon 
Fish Ladder project. Cost would be 
dependent on the landowners' 
willingness to sell.

NS-17

Enhance watershed resiliency by identifying 
and implementing projects that would reduce 
the potential for, and magnitude of a 
catastrophic wildfire, restore meadows to 
potentially increase summer flows and reduce 
local water temperatures, or increase riparian 
shade and reduce sources of chronic road-
related erosion of sediment.

All
Big Chico 

Creek

NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-18

Develop a spawning gravel budget and 
implement an augmentation plan and use flow 
management to optimize spawning weighted 
usable area in consideration of hydrologic 
limitations and other species (e.g., steelhead) 
and life stage requirements. Implement One-
mile Dam modification and gravel 
supplementation project (City of Chico); add 
spawning gravels at Five-Mile Diversion 
(AFRP Website 2005). 

Spawning
Big Chico 

Creek

NMFS  Recovery 
Plan Co-Manager 

Review Draft
http://www.delta.dfg.ca.gov/afrp/

NS-19

Identify stream reaches that have been most 
altered by anthropogenic factors and 
reconstruct a natural channel geometry scaled 
to current channel forming flows.

All
Big Chico 

Creek

NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

DRAFT
FOR DISCUSSION PURPOSES ONLY

3 1/13/2009  12:04 PM



Habitat Expansion Agreement for Central Valley Spring­Run Chinook Salmon and California Central Valley Steelhead

Reference 
Number

Description of Action
Target Life 

Stage(s)
Stream

Source 
Document

Reference Cited in Source Notes

NS-20

Eliminate sources of chronic sediment delivery 
from roads and other near stream development 
by out-sloping roads, constructing diversion 
prevention dips, replacing under-sized culverts 
and applying other storm proofing guidelines. 

Egg Incubation
Big Chico 

Creek

NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-21
Implement projects to increase floodplain 
habitat availability to improve habitat 
conditions for juvenile rearing (NMFS 2007b). 

Summer/Winter 
Rearing

Big Chico 
Creek

NMFS  Recovery 
Plan Co-Manager 

Review Draft

Summary of Threats and Recovery Actions for Spring-Run 
and Winter-Run Chinook Salmon. (Notes from the 
Sacramento Salmon and Steelhead Recovery Workshop, 
May 22, 2007.)

NS-22

Cooperate with local landowners to encourage 
revegetation of denuded stream reaches; and 
establish, restore, and maintain riparian habitat 
on Big Chico Creek.

Juvenile Emigration, 
Summer/Winter 
Rearing

Big Chico 
Creek

PG&E/CalTrout 
Prioritized 

Actions List
AFRP Restoration Plan (USFWS 2001)

NS-23
Purchase existing water rights from willing 
sellers.

All Butte Creek
PG&E/CalTrout 

Prioritized 
Actions List

AFRP Restoration Plan (USFWS 2001).

All Lower Butte Creek actions need to 
be investigated to determine if the 
actions were carried out in previous 
restoration activities.

NS-24

Enhance watershed resiliency by identifying 
and implementing projects that would reduce 
the potential for, and magnitude of a 
catastrophic wildfire, restore meadows to 
potentially increase summer flows and reduce 
local water temperatures, or increase riparian 
shade (U.S. Forest Service Long-term 
Anadromous Fish Conservation Strategy). 

All Butte Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft

U.S. Forest Service Long-term Anadromous Fish 
Conservation Strategy.

NS-25

Maintain state-of-the-art fish passage facilities 
at diversions to meet NMFS’ passage criteria. 

Study feasibility of consolidating diversion 
points to minimize the number of diversions on 
Butte Creek. Based on this study, consolidate 
diversions where feasible. 

Adult Immigration Butte Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

Some consolidation of diversions has 
already been done for the lower portion 
of Butte Creek as of Oct 2008; uncertain 
if other diversions could also be 
consolidated.

NS-26

Identify gravel starved areas in Butte Creek 
and implement gravel additions. Develop a 
spawning gravel budget and implement an 
augmentation plan and use flow management 
to optimize spawning weighted usable area in 
consideration of hydrologic limitations and 
other species (e.g., steelhead) and life stage 
requirements.

Spawning Butte Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.
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Reference 
Number

Description of Action
Target Life 

Stage(s)
Stream

Source 
Document

Reference Cited in Source Notes

NS-27

Install and maintain real-time flow monitoring 
gages. 

Develop sustainable instream flow criteria for 
spawning and incubation periods.

Develop and implement flow ramping 
protocols to protect all life stages of spring-run 
Chinook salmon. 

Enhance watershed resiliency by identifying 
and implementing projects that would reduce 
the potential for, and magnitude of, a 
catastrophic wildfire, and restore forested areas 
within the watershed including riparian areas. 

Spawning, Egg 
Incubation

Butte Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-28

Reduce the number of temporary passage 
impediments installed to create swimming 
holes in Butte Creek near Chico; conduct 
associated public outreach projects.

Adult Immigration Butte Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-29

Identify stream reaches that have been most 
altered by anthropogenic factors and 
reconstruct a natural channel geometry scaled 
to current channel forming flows.

All Butte Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-30
Promote or create riparian buffer strips 
between the Butte Creek channel and adjacent 
land uses.

Juvenile Emigration, 
Summer/Winter 
Rearing

Butte Creek
PG&E/CalTrout 

Prioritized 
Actions List

No reference cited.

NS-31
Implement projects that consolidate and screen 
existing diversions where feasible. 

Juvenile Emigration Butte Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-32
Retrofit dams on Little Butte Creek in order to 
provide for more storage to use for fisheries 
flows.

All
Little Butte 

Creek
HEA Steering 

Committee
No reference cited.

An earthquake retrofit is necessary and 
might be an opportunity to increase 
storage to benefit fisheries flows. This 
would primarily benefit steelhead.

NS-33
Improve passage of chinook salmon & 
steelhead at dams on Deer Creek.

Adult Immigration Deer Creek
PG&E/CalTrout 

Prioritized 
Actions List

Spring-run chinook salmon recovery brainstorming session 
(11/8/05).

Local support is questionable regarding 
landowners not associated with the 
watershed conservancy. 

NS-34 Construct fish ladder at upper Deer Creek falls. Adult Immigration Deer Creek
PG&E/CalTrout 

Prioritized 
Actions List

Spring-run chinook salmon recovery brainstorming session 
(11/8/05).

DRAFT
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Reference 
Number

Description of Action
Target Life 

Stage(s)
Stream

Source 
Document

Reference Cited in Source Notes

NS-35

Acquire water from willing sellers consistent 
with applicable guidelines or negotiate 
agreements to supplement instream flows in 
the lower ten miles of Deer Creek to ensure 
passage of adult and juvenile spring- and fall-
run Chinook salmon and steelhead over three 
diversion dams.

Adult Immigration, 
Juvenile Emigration

Deer Creek
PG&E/CalTrout 

Prioritized 
Actions List

AFRP Restoration Plan (USFWS 2001)
Water exchange program is being 
funded through the 4-Pumps mitigation 
program.

NS-36

Implement water exchange agreement with the 
Deer Creek Irrigation Company and the 
Stanford-Vina Irrigation District and dedicate 
fish passage flows (AFRP Website 2005).

Adult Immigration, 
Adult Holding

Deer Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
http://www.delta.dfg.ca.gov/afrp/

NS-37

Permit and construct a state-of-the-art fish 
ladder that meets NMFS’ adult fish passage 
criteria and install a new apron at the Cone-
Kimball Diversion (AFRP Website 2005). 

Install state-of-the-art fish ladder at Stanford-
Vina Dam (AFRP Website 2005, NMFS 
2007b). 

Conduct fish passage evaluation at all 
agricultural diversions to determine if they 
meet NMFS’ fish passage criteria. 

Design and install state-of-the-art fish passage 
facilities at diversions that currently do not 
meet the passage criteria. Study feasibility of 
consolidating diversion points to minimize the 
number of diversions on Deer Creek. Based on 
this study, consolidate diversions where 
feasible. 

Conduct a study designed to determine adult 
fish passage flows at critical riffles and fish 
ladders. 

Develop a water exchange agreement with all 
water users to allow implementation of those 
flows. 

Adult Immigration Deer Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft

Summary of Threats and Recovery Actions for Spring-Run 
and Winter-Run Chinook Salmon. (Notes from the 
Sacramento Salmon and Steelhead Recovery Workshop, 
May 22, 2007.)

Project to improve fish passage at 
Stanford-Vina Dam is being considered 
as part of Deer Creek Floodplain Study 
as of Oct 2008; projects to improve fish 
passage at DCID and Cone-Kimball 
diversion dams are being discussed 
between Deer Creek Watershed 
Conservancy and irrigation districts as 
of Oct 2008.  
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Reference 
Number

Description of Action
Target Life 

Stage(s)
Stream

Source 
Document

Reference Cited in Source Notes

NS-38

Enhance watershed resiliency by identifying 
and implementing projects that would reduce 
the potential for, and magnitude of a 
catastrophic wildfire, restore meadows (Deer 
Creek meadows, Childs meadows, Gurnsey 
Creek, and North Fork Deer Creek) to 
potentially increase summer flows and reduce 
local water temperatures, or increase riparian 
shade and reduce sources of chronic road-
related erosion of sediment (Deer Creek 
Conservancy Watershed Report, U.S. Forest 
Service Long-term Anadromous Fish 
Conservation Strategy).

All Deer Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft

Deer Creek Watershed Existing Conditions Report.

U.S. Forest Service Long-term Anadromous Fish 
Conservation Strategy.

NS-39

Carry out a Deer Creek (upper) erosion 
reduction project (AFRP Website 2005).

Restore meadows and reduce stream channel 
incisement and bank erosion by modifying 
grazing practices and excluding cattle from 
nearshore zones, and reduce the potential for, 
and magnitude of a catastrophic wildfire, and 
reduce sources of chronic road-related erosion 
(U.S. Forest Service Long-term Anadromous 
Fish Conservation Strategy).   

Decommission Fire Mountain Lodge Hydro-
electric project, and remove the earthen dam, 
restore the stream channel, and obliterate 
project roads. 

Spawning, Egg 
Incubation

Deer Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft

U.S. Forest Service Long-term Anadromous Fish 
Conservation Strategy.

Fire Mt Lodge; Notice of Application 
for…Establishing Procedural 
Schedule for Relicensing…: 
http://edocket.access.gpo.gov/2008/E8-
10957.htm 

NS-40
Build sediment retention structures; fortify 
streambanks with native vegetation. 

Spawning, ,Egg 
Incubation

Deer Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-41

Identify gravel starved areas in Deer Creek and 
implement gravel additions. Re-design 
highway 32 culvert crossing at Calf Creek to 
allow for unimpeded bedload transport. 
Conduct a spawning gravel augmentation 
feasibility study to increase available spawning 
habitat. Implement spawning gravel 
augmentation projects if the feasibility study 
determines that such projects will not cause 
adverse ecological impacts. 

Spawning Deer Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.
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Target Life 
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Document
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NS-42
Implement projects to increase floodplain 
habitat availability to improve habitat 
conditions for juvenile rearing (NMFS 2007b). 

Summer/Winter 
Rearing

Deer Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft

Summary of Threats and Recovery Actions for Spring-Run 
and Winter-Run Chinook Salmon. (Notes from the 
Sacramento Salmon and Steelhead Recovery Workshop, 
May 22, 2007.)

NS-43
Renew long-term agreements to restore and 
preserve riparian habitats along Deer Creek.

Juvenile Emigration, 
Summer/Winter 
Rearing

Deer Creek
PG&E/CalTrout 

Prioritized 
Actions List

AFRP Restoration Plan (USFWS 2001)

NS-44

Restore a functional, seasonally inundated 
floodplain along lower Deer Creek to provide 
enhanced rearing habitat for spring-run 
Chinook salmon fry.

Summer/Winter 
Rearing

Deer Creek
PG&E/CalTrout 

Prioritized 
Actions List

Collaborative Group 2006.

NS-45
Identify and implement projects designed to 
improve downstream passage conditions for 
juveniles. 

Juvenile Emigration Deer Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-46

Identify stream reaches that have been most 
altered by anthropogenic factors and 
reconstruct a natural channel geometry scaled 
to current channel forming flows.

All Deer Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-47
Ensure that all Feather River diversions have 
fish screens that meet NMFS' fish screen 
criteria.

Juvenile Emigration Feather River
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-48

Implement programs and measures designed to 
control non-native predatory fish (NMFS 
2007b), including eradication programs for non-
native predators (e.g., striped bass, largemouth 
bass, and smallmouth bass). 

Implement projects to minimize predation at 
weirs, diversion dams, and related structures. 

Improve nearshore refuge cover for salmonids 
to minimize predatory opportunities for striped 
bass and other non-native predators.

Juvenile Emigration
Feather/Yuba 

Rivers

NMFS  Recovery 
Plan Co-Manager 

Review Draft

Summary of Threats and Recovery Actions for Spring-Run 
and Winter-Run Chinook Salmon. (Notes from the 
Sacramento Salmon and Steelhead Recovery Workshop, 
May 22, 2007.)

NS-49

Identify stream reaches that have been most 
altered by anthropogenic factors and 
reconstruct a natural channel geometry scaled 
to current channel forming flows. 

All
Feather/Yuba 

Rivers

NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-50
Improve passage of chinook salmon & 
steelhead at dams on Mill Creek.

Adult Immigration Mill Creek
PG&E/CalTrout 

Prioritized 
Actions List

Spring-run chinook salmon recovery brainstorming session 
(11/8/05).

DRAFT
FOR DISCUSSION PURPOSES ONLY

8 1/13/2009  12:04 PM



Habitat Expansion Agreement for Central Valley Spring­Run Chinook Salmon and California Central Valley Steelhead

Reference 
Number

Description of Action
Target Life 

Stage(s)
Stream

Source 
Document

Reference Cited in Source Notes

NS-51

Supplement flows in Mill Creek with water 
acquired from willing sellers consistent with 
applicable guidelines or negotiate agreements 
to allow passage of juvenile and adult spring-, 
fall- and late-fall-run Chinook salmon and 
steelhead.

All Mill Creek
PG&E/CalTrout 

Prioritized 
Actions List

AFRP Restoration Plan (USFWS 2001).

This action is potentially being included 
in the four pumps mitigation 
agreements. Wording has changed from 
original PG&E/Caltrout list from 
"Continue to provide flows..." to 
"Supplement flows..."

NS-52

Conduct fish passage evaluation at all 
agricultural diversions to determine if they 
meet NMFS’ fish passage criteria. 

Design and install state-of-the-art fish passage 
facilities at diversions that currently do not 
meet the passage criteria. 

Conduct a study designed to determine adult 
fish passage flows at critical riffles and fish 
ladders. 

Develop a water exchange agreement with all 
water users to allow implementation of those 
flows. 

Adult Immigration Mill Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-53

Enhance watershed resiliency by identifying 
and implementing projects that would reduce 
the potential for, and magnitude of a 
catastrophic wildfire, restore meadows to 
potentially increase summer flows and reduce 
local water temperatures, or increase riparian 
shade and reduce sources of chronic road-
related erosion of sediment (Mill Creek 
Conservancy Watershed Report, U.S. Forest 
Service Long-term Anadromous Fish 
Conservation Strategy).

All Mill Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft

Mill Creek Watershed Management Strategy Report.

U.S. Forest Service Long-term Anadromous Fish 
Conservation Strategy.

NS-54

Restore meadows and reduce stream channel 
incisement and bank erosion by modifying 
grazing practices and excluding cattle from 
nearshore zones, and reduce the potential for, 
and magnitude of a catastrophic wildfire, and 
reduce sources of chronic road-related erosion 
(U.S. Forest Service Long-term Anadromous 
Fish Conservation Strategy).

Spawning, Egg 
Incubation

Mill Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft

U.S. Forest Service Long-term Anadromous Fish 
Conservation Strategy.
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NS-55

Work with State and Federal water acquisition 
programs to develop dedicated instream water; 
participate in the lower Mill Creek Watershed 
Restoration Project (AFRP Website 2005).

All Mill Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
http://www.delta.dfg.ca.gov/afrp/

NS-56
Build sediment retention structures; fortify 
streambanks with native vegetation. 

Spawning, Egg 
Incubation

Mill Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-57
Implement projects to increase floodplain 
habitat availability to improve habitat 
conditions for juvenile rearing (NMFS 2007b). 

Summer/Winter 
Rearing

Mill Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft

Summary of Threats and Recovery Actions for Spring-Run 
and Winter-Run Chinook Salmon. (Notes from the 
Sacramento Salmon and Steelhead Recovery Workshop, 
May 22, 2007.)

NS-58
Identify and implement projects designed to 
improve downstream passage conditions for 
juveniles. 

Juvenile Emigration Mill Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-59

Identify stream reaches that have been most 
altered by anthropogenic factors and 
reconstruct a natural channel geometry scaled 
to current channel forming flows. 

All Mill Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-60
Establish, restore, and maintain riparian habitat 
along the lower reaches of Mill Creek.

Juvenile Emigration, 
Summer/Winter 
Rearing

Mill Creek
PG&E/CalTrout 

Prioritized 
Actions List

AFRP Restoration Plan (USFWS 2001).

NS-61
Provide passage past Engelbright Dam for 
steelhead and Chinook salmon.

Adult Immigration, 
Spawning

Yuba River
PG&E/CalTrout 

Prioritized 
Actions List

Upper Yuba River Studies Program 2006

Effect of reintroduction above 
Engelbright reservoir on other resources, 
particularly resident trout fisheries, is 
unknown.

NS-62

Facilitate passage of spawning adult salmonids 
by maintaining appropriate flows through the 
fish ladders, or by modifying the fish ladders at 
Daguerre Point Dam.

Adult Immigration Yuba River
PG&E/CalTrout 

Prioritized 
Actions List

AFRP Restoration Plan (USFWS 2001)

NS-63

Construct improved fish passage facilities at 
Daguerre Point Dam to provide for segregation 
of adult spring-run and fall-run chinook 
salmon.

Spawning, Egg 
Incubation

Yuba River
PG&E/CalTrout 

Prioritized 
Actions List

Spring-run chinook salmon recovery brainstorming session 
(11/8/05).

It is difficult to determine how 
segregation would contribute to the 
HEA threshold. Impact to migrating 
steelhead is also a concern.

NS-64

Collaboratively design the Daguerre Point Dam 
fish ladder passage engineering and design of 
the preferred alternative described in DWR and 
Corps (2003) (AFRP Website 2005).

Adult Immigration Yuba River
NMFS  Recovery 
Plan Co-Manager 

Review Draft

Daguerre Point Dam Fish Passage Improvement Project 
2002 Fisheries Study.

NS-65
Facilitate passage of juvenile salmonids by 
modifying the dam face of Daguerre Point 
Dam.

Adult Immigration Yuba River
PG&E/CalTrout 

Prioritized 
Actions List

AFRP Restoration Plan (USFWS 2001)
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NS-66
Operate reservoirs in the Yuba River basin to 
provide adequate water temperatures for 
anadromous fish.

All Yuba River
PG&E/CalTrout 

Prioritized 
Actions List

AFRP Restoration Plan (USFWS 2001).

NS-67

Implement actions to enhance habitat 
conditions and improve access within the area 
above Englebright Dam, including increasing 
minimum flows, providing passage at Our 
House, New Bullards Bar, and Log Cabin 
dams, and assessing feasibility of passage 
improvement at natural barriers. Design and 
conduct an experimental fish passage program 
to evaluate adult distribution, survival, 
spawning, and production in habitats above 
Englebright Dam. If the experimental fish 
passage program demonstrates that passage 
above Englebright Dam can substantively 
contribute to the long-term viability of the 
ESU, then develop and implement long-term 
fish passage programs. 

Adult Immigration, 
Spawning

Yuba River
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-68
Conduct gravel additions above and below 
Narrows Pool (Corps mitigation) (AFRP 
Website 2005). 

Spawning Yuba River
NMFS  Recovery 
Plan Co-Manager 

Review Draft
http://www.delta.dfg.ca.gov/afrp/

NS-69
Improve efficiency of screening devices at 
Brophy-South Yuba water diversion and other 
unscreened diversions.

Juvenile Emigration Yuba River
PG&E/CalTrout 

Prioritized 
Actions List

AFRP Restoration Plan (USFWS 2001).

NS-70
Construct or improve the fish bypasses at 
Hallwood-Cordua and Brophy-South Yuba 
water diversion.

All Yuba River
PG&E/CalTrout 

Prioritized 
Actions List

AFRP Restoration Plan (USFWS 2001).

NS-71

Develop and implement a large woody material 
restoration program along the lower Yuba 
River utilizing sources of wood that enter 
upstream reservoirs. 

Juvenile Emigration, 
Summer/Winter 
Rearing

Yuba River
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-72

Implement flow fluctuation and ramping rates 
found to be protective of embryos and 
juveniles by the fry stranding and redd 
dewatering study. 

Egg Incubation, 
Juvenile Emigration, 
Summer/Winter 
Rearing

Yuba River
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NS-73
Reduce and control flow fluctuations to avoid 
and minimize adverse effects to juvenile 
salmonids.

Juvenile Emigration, 
Summer/Winter 
Rearing

Yuba River
PG&E/CalTrout 

Prioritized 
Actions List

AFRP Restoration Plan (USFWS 2001).
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NS-74

Identify and implement projects designed to 
minimize predation on juvenile salmonids at 
Daguerre Point Dam and associated structures. 

Implement programs and measures designed to 
control non-native predatory fish (NMFS 
2007b), including eradication programs for non-
native predators (e.g., striped bass, largemouth 
bass, and smallmouth bass). 

Improve nearshore refuge cover for salmonids 
to minimize predatory opportunities for striped 
bass and other non-native predators.

Juvenile Emigration, 
Summer/Winter 
Rearing

Yuba River
NMFS  Recovery 
Plan Co-Manager 

Review Draft

Summary of Threats and Recovery Actions for Spring-Run 
and Winter-Run Chinook Salmon. (Notes from the 
Sacramento Salmon and Steelhead Recovery Workshop, 
May 22, 2007.)

NS-75

Purchase conservation easements (AFRP 
2006b) adjacent to the Yuba River and manage 
those easements as seasonal floodplain 
habitats. 

Implement projects to increase floodplain 
habitat availability to improve habitat 
conditions for juvenile rearing (NMFS 2007b). 

Summer/Winter 
Rearing

Yuba River
NMFS  Recovery 
Plan Co-Manager 

Review Draft

Summary of Threats and Recovery Actions for Spring-Run 
and Winter-Run Chinook Salmon. (Notes from the 
Sacramento Salmon and Steelhead Recovery Workshop, 
May 22, 2007.)

No reference cited for the AFRP 2006b 
in the Recovery Plan.

NS-76
Purchase streambank conservation easements 
in the Yuba River to improve salmonid habitat 
and instream cover.

Juvenile Emigration, 
Summer/Winter 
Rearing

Yuba River
PG&E/CalTrout 

Prioritized 
Actions List

AFRP Restoration Plan (USFWS 2001).
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B-1

Implement Phase 1(b) of the package of 
passage, screening, and flow actions defined 
for the Battle Creek Restoration project, as 
defined by the Memorandum of 
Understanding.

Adult Immigration Battle Creek
PG&E/CalTrout 

Prioritized 
Actions List

Battle Creek Restoration Plan (Kier and Associates 1999).

B-2

Implement Phase 2 of the package of passage, 
screening, and flow actions defined for the 
Battle Creek Restoration project, as defined by 
the Memorandum of Understanding.

All Battle Creek
PG&E/CalTrout 

Prioritized 
Actions List

Battle Creek Restoration Plan (Kier and Associates 1999).

B-3

Install pipeline connections between 
powerhouses and diversion-canal intakes to 
prevent trans-basin water diversions from 
causing false attraction of anadromous 
salmonids from the North Fork to the South 

Fork. 1

Adult Immigration Battle Creek
PG&E/CalTrout 

Prioritized 
Actions List

Battle Creek Restoration Plan (Kier and Associates 1999).

The cost of installing a pipeline 
connection at Coleman has been 
estimated at approximately $18 M, 
making this project seem unreasonably 
expensive. Additionally, the landownder 
in the vicinity of the upper pipeline is 
opposed to any construction in his 
viewshed.

B-4
Develop and implement pulse flow schedules 
during peak migration periods for years with 
low water availability. 

Adult Immigration Battle Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

B-5
Install state-of-the-art ladders at, or remove 
small dams on the South Fork of Battle Creek 
to provide fish passage (NMFS 2007b). 

Adult Immigration Battle Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft

Summary of Threats and Recovery Actions for Spring-Run 
and Winter-Run Chinook Salmon. (Notes from the 
Sacramento Salmon and Steelhead Recovery Workshop, 
May 22, 2007.)

B-6
Increase streamflows as specified in the Battle 
Creek Salmon and Steelhead Restoration Plan 
(NMFS 2007b). 

All Battle Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft

Summary of Threats and Recovery Actions for Spring-Run 
and Winter-Run Chinook Salmon. (Notes from the 
Sacramento Salmon and Steelhead Recovery Workshop, 
May 22, 2007.)

B-7

Increase flow releases from remaining 
diversion dams affecting anadromous fish on 
Battle Creek as per the Battle Creek 
Restoration Plan (CALFED 2007). 

Avoid implementation of additional water 
projects (i.e., FERC permits) that are 
detrimental to the goals and objectives of the 
Battle Creek Salmon and Steelhead Restoration 
Plan. 

Adult Immigration, 
Adult Holding

Battle Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

No reference cited for CALFED 2007 in 
the Recovery Plan.

B-8
Provide anadromous fish passage as specified 
in the Battle Creek Salmon and Steelhead 
Restoration Plan (CALFED 2007). 

Adult Immigration Battle Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

No reference cited for CALFED 2007 in 
the Recovery Plan.

Basalt and Porus Lava Spring-Run Chinook Salmon Diversity Group Threats and Associated Recovery Actions
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B-9

Implement the Battle Creek Salmon and 
Steelhead Restoration Plan. 

Modernize/upgrade PG&E facilities to reduce 
the potential for flow fluctuations and outages. 

All Battle Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

B-10

Encourage conservation easements and other 
incentives to retain large blocks of land under 
private ownership that continue to buffer Battle 
Creek fish populations from intense types of 
streamside land management practices and 
human disturbance.

All Battle Creek
PG&E/CalTrout 

Prioritized 
Actions List

Battle Creek Restoration Plan (Kier and Associates 1999).

B-11
Encourage riparian, stream channel, and fish 
habitat restoration projects following 
ecosystem-based approaches on private lands.

All Battle Creek
PG&E/CalTrout 

Prioritized 
Actions List

Battle Creek Restoration Plan (Kier and Associates 1999).

B-12
Develop and increase application of alternative 
diversion technologies that eliminate 
entrainment.

Juvenile Emigration Battle Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

B-13

Implement programs and measures designed to 
control non-native predatory fish (NMFS 
2007b), including eradication programs for non-
native predators (e.g., striped bass, largemouth 
bass, and smallmouth bass). 

Implement projects to minimize predation at 
weirs, diversion dams, and related structures. 
Improve nearshore refuge cover for salmonids 
to minimize predatory opportunities for striped 
bass and other non-native predators. 

Juvenile Emigration, 
Summer/Winter 
Rearing

Battle Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

B-14
Encourage land management to protect against 
catastrophic wildfires through fuel reduction.

All Battle Creek
PG&E/CalTrout 

Prioritized 
Actions List

Battle Creek Restoration Plan (Kier and Associates 1999).
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B-15

Conduct feasibility studies for allowing spring-
run Chinook salmon access to habitat above 
Shasta Dam, including assessing habitat 
suitability and passage logistics (i.e., getting 
immigrating adults above the dam and 
emigrating juveniles below it). If the feasibility 
studies suggest that fish passage can be 
successful, then design and conduct an 
experimental fish passage program evaluating 
adult distribution, survival, spawning, and 
production in habitats above Shasta Dam.

If the experimental fish passage program 
demonstrates that passage above Shasta dam 
can substantively contribute to the long-term 
viability of the ESU, then develop and 
implement long-term fish passage programs.  

Adult Immigration, 
Adult Holding, 
Spawning

Sacramento 
River

NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

B-16
Implement an annual trap-and-haul operation 
to restore access to existing and restored 
habitat in tributaries upstream of Shasta Dam

Adult Immigration, 
Adult Holding, 
Spawning

Sacramento 
River

PG&E/CalTrout 
Prioritized 

Actions List
Calfed Bay Delta Program 2006

B-17
Maintain the gates-up position to prevent 
passage impediments to listed species. 

Adult Immigration
Sacramento 
River/Battle 

Creek

NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

B-18

Conduct periodic (e.g., every 5 years) 
spawning gravel assessments in the upper 
Sacramento River (i.e., above RBDD) and 
implement gravel augmentation projects, as 
necessary. 

Spawning
Sacramento 

River

NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

B-19

Modify gravel pits and mounds to ensure full 
drainage of these features to allow flooding 
while preventing stranding and warm water 
predator habitat. 

Juvenile Emigration, 
Summer/Winter 
Rearing

Upper 
Sacramento 

River

NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

The Recovery Plan mentions this action 
in reference to the juveniles produced in 
the Sacramento River.

B-20
Restore the current Lake Red Bluff footprint to 
riparian habitat. 

All
Upper 

Sacramento 
River

NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

The Recovery Plan mentions this action 
in reference to the juveniles produced in 
the Sacramento River.
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NWC-1

Enhance watershed resiliency by identifying 
and implementing projects that would reduce 
the potential for, and magnitude of a 
catastrophic wildfire, restore meadows to 
potentially increase summer flows and reduce 
local water temperatures, or increase riparian 
shade. 

All Beegum Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NWC-2
Develop and implement a spawning gravel 
augmentation plan.

Spawning Beegum Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NWC-3

Eliminate sources of chronic sediment delivery 
from roads and other near stream development 
by out-sloping roads, constructing diversion 
prevention dips, replacing under-sized culverts 
and applying other storm proofing guidelines. 

Spawning, Egg 
Incubation

Beegum Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NWC-4

Develop cooperative water use agreements 
(e.g., groundwater exchange agreements) with 
local water users to provide flows during the 
immigration life stage. 

Adult Immigration Beegum Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NWC-5
Inject LWD and boulders in the canyon reach 
of Clear Creek to induce gravel deposition to 
support pocket spawning by salmonids.

Spawning Clear Creek
PG&E/CalTrout 

Prioritized 
Actions List

Collaborative Group 2006.

NWC-6
Additional Gravel Supplementation in the 
reaches of Clear Creek directly below 
Whiskeytown Dam.

Spawning Clear Creek
HEA Steering 

Committee
No reference cited.

This would not be self-sustaining. It 
would need to be redone periodically.

NWC-7

Develop a spawning gravel budget and 
implement an augmentation plan and use flow 
management to optimize spawning weighted 
usable area in consideration of hydrologic 
limitations and other species (e.g., steelhead) 
and life stage requirements. Develop a 
spawning gravel budget and implement an 
augmentation plan. 

Spawning Clear Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NWC-8
Supplement flows in Clear Creek in order to 
provide a more natural flow regime and 
encourage gravel dispersal.

Spawning Clear Creek
HEA Steering 

Committee
No reference cited.

This action would primarily include 
paying for the forfeited power 
generation.

Northwestern California Spring-Run Chinook Salmon Threats and Associated Recovery Actions
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NWC-9

Increase stream flows as needed to reduce 
water temperatures (NMFS 2007b). 

Develop a real time water temperature model to 
track the coldwater pool in Whiskeytown 
Reservoir and budget releases to Clear Creek to 
meet a daily water temperature of 60°F at the 
Igo gauge from June 1 to September 15 and 
56°F from September 15 to October 31. 

Enhance watershed resiliency by identifying 
and implementing projects that would reduce 
the potential for, and magnitude of a 
catastrophic wildfire, restore meadows to 
potentially increase summer flows and reduce 
local water temperatures, or increase riparian 
shade. 

All Clear Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft

Summary of Threats and Recovery Actions for Spring-Run 
and Winter-Run Chinook Salmon. (Notes from the 
Sacramento Salmon and Steelhead Recovery Workshop, 
May 22, 2007.)

NWC-10
Conduct a passage feasibility study, including 
an assessment of potential habitat above 
Whiskeytown Dam. 

Adult Immigration, 
Adult Holding, 
Spawning

Clear Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NWC-11
Develop and implement flow ramping 
protocols to protect all life stages of spring-run 
Chinook salmon.

All Clear Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NWC-12

Develop and implement optimal pulse flow 
schedules and increase flow allocation for 
Clear Creek in years with low water 
availability. 

All Clear Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NWC-13

Eliminate sources of chronic sediment delivery 
from roads and other near stream development 
by out-sloping roads, constructing diversion 
prevention dips, replacing under-sized culverts 
and applying other storm proofing guidelines 

Spawning, Egg 
Incubation

Clear Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NWC-14
Develop a cooperative program to improve 
flow on Clear Creek by increasing releases 
from Whiskeytown Dams (USFWS 1997). 

All Clear Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft

Abundance and Survival of Juvenile Chinook Salmon in the 
Sacramento-San Joaquin Estuary, 1994 Annual Progress 
Report.

DRAFT
FOR DISCUSSION PURPOSES ONLY
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Reference 
Number

Description of Action
Target Life 

Stage(s)
Stream

Source 
Document

Reference Cited in Source Notes

NWC-15

Increase integration of the State and Federal 
water projects through shared storage and 
conveyance agreements. 

Negotiate agreements with landowners and 
Federal and State agencies to provide 
additional instream flows or purchase water 
rights (AFRP website 2005). 

Implement projects that improve fish passage 
between the Sacramento River and flood 
bypasses. 

Adult Immigration Clear Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
http://www.delta.dfg.ca.gov/afrp/

NWC-16

Implement Lower Clear Creek Floodway 
Rehabilitation Project (Phase 3B) and other 
projects designed to improve juvenile rearing 
habitat (CALFED 2007). 

Summer/Winter 
Rearing

Clear Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft

No reference cited for CALFED 2007 in 
the Recovery Plan.

NWC-17

Facilitate watershed protection and restoration 
to reduce water temperatures and siltation to 
improve holding, spawning, and rearing 
habitats for salmonids.

All
Cottonwood 

Creek

PG&E/CalTrout 
Prioritized 

Actions List
AFRP Restoration Plan (USFWS 2001).

NWC-18

Protect/enhance existing riparian habitat and 
corridors (NMFS 2007b). 

Implement non-native plant (e.g. Arundo) 
eradication plan. 

Juvenile Emigration, 
Summer/Winter 
Rearing

Cottonwood 
Creek

NMFS  Recovery 
Plan Co-Manager 

Review Draft

Summary of Threats and Recovery Actions for Spring-Run 
and Winter-Run Chinook Salmon. (Notes from the 
Sacramento Salmon and Steelhead Recovery Workshop, 
May 22, 2007.)

This action, while on Cottonwood 
Creek, is mentioned in the Recovery 
Plan as benefiting Beegum Creek

NWC-19

Re-establish natural channel morphology by: 
(1) applying NMFS gravel mining criteria to all 
gravel mining projects; (2) integrating natural 
morphological features and functions into bank 
protection and other stream side development 
projects; and (3) implementing non-native 
plant (e.g. Arundo) eradication plan. 

All
Cottonwood 

Creek

NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

This action, while on Cottonwood 
Creek, is mentioned in the Recovery 
Plan as benefiting Beegum Creek

NWC-20
Establish, restore, and maintain riparian habitat 
on Cottonwood Creek.

Juvenile Emigration, 
Summer/Winter 
Rearing

Cottonwood 
Creek

PG&E/CalTrout 
Prioritized 

Actions List
AFRP Restoration Plan (USFWS 2001).

DRAFT
FOR DISCUSSION PURPOSES ONLY
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Reference 
Number

Description of Action
Target Life 

Stage(s)
Stream

Source 
Document

Reference Cited in Source Notes

NWC-21

Modify gravel mining methods to reduce their 
effects on salmonid spawning habitats; employ 
the most ecologically sound timber extraction 
practices by implementing the Forest Plan on 
federal lands within the drainage; modify and 
employ the most ecologically sound forestry 
and grazing practices by implementing the 
Forest Plan on federal lands and through 
partenerships on private and state-owned land 
within the drainage to reduce fine sediment 
loading; reduce use of seasonal diversion dams 
that may be barriers to migrating Chinook 
salmon and steelhead.

All Thomes Creek
PG&E/CalTrout 

Prioritized 
Actions List

AFRP Restoration Plan (USFWS 2001).

Four actions from the PG&E/Caltrout 
effort were combined. In order for spring-
run to benefit from restoration actions 
on Thomes Creek, all of these actions 
would have to be carried out. 

NWC-22
Flow consolidation through reduction of 
braided channels. 

All Thomes Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NWC-23

Enhance watershed resiliency by identifying 
and implementing projects that would reduce 
the potential for, and magnitude of a 
catastrophic wildfire, restore meadows to 
potentially increase summer flows and reduce 
local water temperatures, or increase riparian 
shade. 

All Thomes Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

NWC-24
Develop and implement a spawning gravel 
augmentation plan.

Spawning Thomes Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

DRAFT
FOR DISCUSSION PURPOSES ONLY
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Description of Action
Target Life 

Stage(s)
Stream

Source 
Document

Reference Cited in Source Notes

SBW-1

Implement bank revetment removal programs 
and projects and breach or remove abandoned 
levees during set-back levee projects. 

Implement projects that acquire strategic 
floodplain easements to re-establish floodplain 
connectivity in areas constricted by levees. 

Restore a continuous 100-mile stretch of 
ecologically viable riparian habitat to flood-
prone lands along the river between Red Bluff 
and Colusa (The Nature Conservancy 
Website).

Juvenile Emigration, 
Summer/Winter 
Rearing

Lower 
Sacramento 

River

NMFS  Recovery 
Plan Co-Manager 

Review Draft

http://www.nature.org/wherewework/northamerica/states/cal
ifornia/

SBW-2

Restore a continuous 100-mile stretch of 
ecologically viable riparian habitat to flood-
prone lands along the river between Red Bluff 
and Colusa (The Nature Conservancy 
Website).

Implement bank revetment removal programs 
and projects and breach or remove abandoned 
levees during set-back levee projects. 

Juvenile Emigration, 
Summer/Winter 
Rearing

Middle 
Sacramento 

River

NMFS  Recovery 
Plan Co-Manager 

Review Draft

http://www.nature.org/wherewework/northamerica/states/cal
ifornia/

SBW-3

Promote native riparian (e.g., willows) species 
through eradication of non-native species (e.g., 
Arundo, tamarisk).

Modify vegetation maintenance practices to 
encourage riparian growth and establish a 
native vegetated corridor in currently 
unvegetated/leveed reaches of the lower 
Sacramento River especially between Colusa 
and Verona.

Restore a continuous 85-mile stretch of 
riparian habitat of an appropriate width to 
maintain ecologically viable function to flood-
prone lands along both banks of the river 
between Colusa and Sacramento. 

Juvenile Emigration, 
Summer/Winter 
Rearing

Lower 
Sacramento 

River

NMFS  Recovery 
Plan Co-Manager 

Review Draft

Sacramento River Basinwide

DRAFT
FOR DISCUSSION PURPOSES ONLY
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Reference 
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Description of Action
Target Life 

Stage(s)
Stream
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Document

Reference Cited in Source Notes

SBW-4

Modify vegetation maintenance practices to 
encourage riparian growth and establish a 
native vegetated corridor in currently 
unvegetated/leveed reaches of the middle 
Sacramento River.

Restore a continuous 100-mile stretch of 
riparian habitat of an appropriate width to 
maintain ecologically viable function to flood-
prone lands along both banks of the river 
between Red Bluff and Colusa (The Nature 
Conservancy Website 2007).

Set back training walls and restore floodplain 
function in gold fields and other appropriate 
floodplain zones.

Implement bank revetment removal programs 
and projects and breach or remove abandoned 
levees during set-back levee projects. 

Implement gravel injection program below 
Englebright Dam to restore geofluvial 
processes.

Create and restore side-channel habitats to 
increase the quantity and quality of off-channel 
rearing (and spawning) areas. 

Juvenile Emigration, 
Summer/Winter 
Rearing

Middle 
Sacramento 

River

NMFS  Recovery 
Plan Co-Manager 

Review Draft

http://www.nature.org/wherewework/northamerica/states/cal
ifornia/

SBW-5

Implement programs and measures designed to 
control non-native predatory fish (NMFS 
2007b), including eradication programs for non-
native predators (e.g., striped bass, largemouth 
bass, and smallmouth bass). 

Implement projects to minimize predation at 
weirs (e.g., Freemont Weir), diversion dams, 
and related structures. 

Improve nearshore refuge cover for salmonids 
to minimize predatory opportunities for striped 
bass and other non-native predators. 

Juvenile Emigration, 
Summer/Winter 
Rearing

Lower 
Sacramento 

River

NMFS  Recovery 
Plan Co-Manager 

Review Draft

Summary of Threats and Recovery Actions for Spring-Run 
and Winter-Run Chinook Salmon. (Notes from the 
Sacramento Salmon and Steelhead Recovery Workshop, 
May 22, 2007.)

DRAFT
FOR DISCUSSION PURPOSES ONLY
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Document
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SBW-6

Implement programs and measures designed to 
control non-native predatory fish (NMFS 
2007b), including eradication programs for non-
native predators (e.g., striped bass, largemouth 
bass, and smallmouth bass). 

Implement projects to minimize predation at 
weirs, diversion dams, and related structures 
(e.g., GCID). 

Improve nearshore refuge cover for salmonids 
to minimize predatory opportunities for striped 
bass and other non-native predators.

Juvenile Emigration, 
Summer/Winter 
Rearing

Middle 
Sacramento 

River

NMFS  Recovery 
Plan Co-Manager 

Review Draft

Summary of Threats and Recovery Actions for Spring-Run 
and Winter-Run Chinook Salmon. (Notes from the 
Sacramento Salmon and Steelhead Recovery Workshop, 
May 22, 2007.)

SBW-7
Implement projects that consolidate and screen 
existing diversions where feasible. 

Juvenile Emigration
Middle 

Sacramento 
River

NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

SBW-8

Implement actions designed to decrease water 
temperatures in Sacramento River tributaries 
during late-spring through early fall, thereby 
decreasing thermal loading to the Sacramento 
River. 

All
Lower 

Sacramento 
River

NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

SBW-9

Implement actions designed to decrease water 
temperatures in Sacramento River tributaries 
during late-spring through early fall, thereby 
decreasing thermal loading to the Sacramento 
River. 

All
Middle 

Sacramento 
River

NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

SBW-10
Develop and implement pulse flow schedules 
during peak migration periods for years with 
low water availability. 

Adult Immigration
Middle 

Sacramento 
River

NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

SBW-11

Develop and increase application of alternative 
diversion technologies that eliminate 
entrainment. 

Implement projects that consolidate and screen 
existing diversions where feasible. 

Juvenile Emigration
Lower 

Sacramento 
River

NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

SBW-12

Develop and increase application of alternative 
diversion technologies that eliminate 
entrainment. 

Implement projects that consolidate and screen 
existing diversions where feasible. 

Juvenile Emigration
Middle 

Sacramento 
River

NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

DRAFT
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Target Life 
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Stream
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Document
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SBW-13

Implement programs and measures designed to 
control non-native predatory fish (NMFS 
2007b), including eradication programs for non-
native predators (e.g., striped bass, largemouth 
bass, and smallmouth bass). 

Implement projects to minimize predation at 
weirs, diversion dams, and related structures 
(RBDD and ACID). 

Improve nearshore refuge cover for salmonids 
to minimize predatory opportunities for striped 
bass and other non-native predators. 

Juvenile Emigration, 
Summer/Winter 
Rearing

Upper 
Sacramento 

River

NMFS  Recovery 
Plan Co-Manager 

Review Draft

Summary of Threats and Recovery Actions for Spring-Run 
and Winter-Run Chinook Salmon. (Notes from the 
Sacramento Salmon and Steelhead Recovery Workshop, 
May 22, 2007.)

SBW-14
Implement projects that acquire strategic 
floodplain easements to re-establish floodplain 
connectivity in areas constricted by levees. 

Summer/Winter 
Rearing

Middle 
Sacramento 

River

NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited.

The Recovery Plan mentions this action 
in reference to the juveniles produced in 
the Sacramento River.

SBW-15
Create a flood bypass downstream of Mill 
and/or Deer creeks specifically to promote 
spring-run Chinook salmon fry rearing.

Summer/Winter 
Rearing

Middle 
Sacramento 
River

PG&E/CalTrout 
Prioritized 
Actions List

Stillwater Sciences 2006.

SBW-16
Manage spring flows in the mainstem 
Sacramento River to inundate shallow water 
habitats within the bankfull channel.

Summer/Winter 
Rearing, Juvenile 
Emigration

Middle 
Sacramento 
River

PG&E/CalTrout 
Prioritized 
Actions List

Stillwater Sciences 2006.

SBW-17
Restore riparian corridors in lower mainstem 
Sacramento River between Colusa and 
Collinsville

Summer/Winter 
Rearing, Juvenile 
Emigration

Lower 
Sacramento 
River

PG&E/CalTrout 
Prioritized 
Actions List

Collaborative Group 2006.

SBW-18

Pursue opportunities, consistent with efforts 
conducted pursuant to Senate Bill 1086 (SB 
1086), to create a 50,000-acre meander belt 
from Keswick Dam to Colusa to recruit gravel 
and large woody debris, to moderate 
temperatures and to enhance nutrient input.

All
Upper /Middle 
Sacramento 
River

PG&E/CalTrout 
Prioritized 
Actions List

AFRP Restoration Plan (USFWS 2001).

DRAFT
FOR DISCUSSION PURPOSES ONLY
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Reference* 
Number

Description of Action
Target Life 
Stage(s)

Stream Source  Reference Cited in Source Notes
Contribution 
to HET (H/L)

Northern Sierra Nevada Spring­Run Salmon Diversity Group

NS‐1

Supplement flows in Antelope Creek with water 
acquired from willing sellers consistent with 
applicable guidelines or negotiate agreements to 
allow passage of juvenile and adult spring‐run 
Chinook salmon and steelhead.

All
Antelope 
Creek

PG&E/CalTrout 
Prioritized Actions 

List

AFRP Restoration Plan 
(USFWS 2001)

Economic feasibility and level of 
local/political support for flow 
supplementation are unknown. Additionally, 
the benefit of flow supplementation to 
maintenance of spatial separation is unclear.

L

NS‐2

Enhance watershed resiliency by identifying and 
implementing projects that would reduce the 
potential for, and magnitude of a catastrophic 
wildfire, restore meadows to potentially increase 
summer flows and reduce local water 
temperatures, or increase riparian shade.

All
Antelope 
Creek

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

U.S. Forest Service Long‐Term 
Anadromous Fish 
Conservation Strategy

Questionable match (fire) and additional 
information needed (meadows).

L

C d t fi h l ti t ll i lt l

Working List of Potential Habitat Expansion Actions

The following non‐prioritized list of actions has been compiled by the HEA Steering Committee based on the potential of the actions to help satisfy requirements of the Habitat Expansion Agreement.  The 
working list is pre‐decisional and does not necessarily represent actions that will be selected by the HEA Steering Committee to include in the Draft Habitat Expansion Plan.  Nothing precludes other actions, not 
currently included in the list, from being considered.  

NS‐3

Conduct fish passage evaluation at all agricultural 
diversions to determine if they meet NMFS’ fish 
passage criteria. Design and install state‐of‐the‐
art fish passage facilities at diversions that 
currently do not meet the passage criteria. 

Adult 
Immigration

Antelope 
Creek

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

http://www.delta.dfg.ca.gov/a
frp/

The Edwards Dam Ladder construction 
project was completed in October 2007.  
Juvenile bypass facilities are still needed as 
of October 2008.  

L

NS‐76
Install Juvenile Bypass at the Edwards Dam 
Ladder.

Juvenile 
Emigration

Antelope 
Creek

Questionnaire
USFWS Final Restoration Plan 
for the Anadromous Fish 
Restoration Program (2001)

AFRP funded a feasibility study, 
environmental documentation, permits, and 
design for a solution at this site in 2008.  
Implementation can begin in 2010 but 
funding needed.  

L

NS‐77
Conduct Antelope Creek valley floor channel 
analysis and implement recommended actions.

Adult 
Immigration, 
Juvenile 

Emigration

Antelope 
Creek

Questionnaire 
USFWS Final Restoration Plan 
for the Anadromous Fish 
Restoration Program (2001)

L

NS‐78
Reduce sources of chronic road related erosion of 
sediment.

All
Antelope 
Creek

Comment Form On‐going activity. L

NS‐5
Improve passage conditions at Paynes crossing to 
allow upstream passage during low flows. 

Adult 
Immigration, 
Adult Holding

Antelope 
Creek

NMFS  Recovery 
Plan Co‐Manager 
Review Draft; 
Questionnaire

Summary of Threats and 
Recovery Actions for Spring‐
Run and Winter‐Run Chinook 
Salmon (Notes from the 
Sacramento Salmon and 
Steelhead Recovery 
Workshop, May 22, 2007)

Also referred to as Tehama Wildlife Area 
crossing. AFRP is currently funding a fish 
passage feasibility study at this site, but as of 
October 2008 funding has not been 
identified for construction.  

L

NS‐6
Identify gravel starved areas in Antelope Creek 
and implement gravel additions. 

Spawning
Antelope 
Creek

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited
Issue?  USFS favors correcting undersized 
culverts to improve natural bedload instead.

L

NS‐7
Build sediment retention structures; fortify 
streambanks with native vegetation. 

Spawning, Egg 
Incubation

Antelope 
Creek

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited Issue? L

 *Reference numbers are not necessarily in consecutive order, but actions are grouped by watershed. 1 8/10/2009
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Reference* 
Number

Description of Action
Target Life 
Stage(s)

Stream Source  Reference Cited in Source Notes
Contribution 
to HET (H/L)

NS‐8
Implement bank revetment removal programs 
and projects and breach or remove abandoned 
levees during set‐back levee projects. 

Summer/Wint
er Rearing, 
Juvenile 

Emigration

Antelope 
Creek

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited Issue? L

NS‐9
Implement projects to increase floodplain habitat 
availability to improve habitat conditions for 
juvenile rearing. 

Summer/Wint
er Rearing

Antelope 
Creek

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

Summary of Threats and 
Recovery Actions for Spring‐
Run and Winter‐Run Chinook 
Salmon (Notes from the 
Sacramento Salmon and 
Steelhead Recovery 
Workshop, May 22, 2007)

Additional information needed. L

NS‐10

Implement projects that cooperatively work with 
landowners to modify existing diversions so that 
fish do not become entrained in agricultural 
fields. 

Juvenile 
Emigration

Antelope 
Creek

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited Additional information needed. L

NS‐12
Remove the partial barrier (old agricultural dam) 
approximately 0.4 river miles downstream of 
Higgins Hole, located on private property.

Adult 
Immigration

Big Chico 
Creek

HEA Steering 
Committee

No reference cited
Fish passage evaluation has not been done 
for this site.  Additional information needed.

L

NS‐13

Conduct Fish Passage evaluation at all dams and 
diversions to determine if they meet NMFS fish 
passage criteria. Design and install state‐of‐the‐ Adult  Big Chico 

NMFS  Recovery 
Plan Co‐Manager

http://www.delta.dfg.ca.gov/a
LNS‐13 p g g

art fish passage facilities at diversions (1‐mile 
dam, 5‐mile dam) that currently do not meet the 
passage criteria.

Immigration Creek
Plan Co‐Manager 
Review Draft

frp/
L

NS‐14
Implement Iron Canyon Fish Ladder 
Rehabilitation Project.

Adult 
Immigration

Big Chico 
Creek

PG&E/CalTrout 
Prioritized Actions 
List; Questionnaires

AFRP Restoration Plan 
(USFWS 2001)

City of Chico intends to adopt a Mitigated 
Negative Declaration for the project.  Final 
report on the repair and construction is 
complete.  CEQA complete and permitting is 
underway.

H

NS‐16

Protect spring‐run Chinook salmon summer 
holding pools in Big Chico Creek by obtaining 
from willing sellers titles or conservation 
easements on lands adjacent to the pools.

Adult Holding
Big Chico 
Creek

PG&E/CalTrout 
Prioritized Actions 

List

AFRP Restoration Plan 
(USFWS 2001)

Benefit of this action would depend on the 
implementation of the Iron Canyon Fish 
Ladder project. Cost would be dependent on 
the landowners' willingness to sell.  
Additional information needed.

L

NS‐17

Enhance watershed resiliency by identifying and 
implementing projects that would reduce the 
potential for, and magnitude of a catastrophic 
wildfire, restore meadows to potentially increase 
summer flows and reduce local water 
temperatures, or increase riparian shade.

All
Big Chico 
Creek

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited L

NS‐19

Identify stream reaches that have been most 
altered by anthropogenic factors and reconstruct 
a natural channel geometry scaled to current 
channel forming flows.

All
Big Chico 
Creek

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited Additional information needed. L

NS‐20

Eliminate sources of chronic sediment delivery 
from roads and other near stream development 
by out‐sloping roads, constructing diversion 
prevention dips, replacing under‐sized culverts 
and applying other storm proofing guidelines. 

Egg 
Incubation

Big Chico 
Creek

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited Additional information needed. L

 *Reference numbers are not necessarily in consecutive order, but actions are grouped by watershed. 2 8/10/2009
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Description of Action
Target Life 
Stage(s)

Stream Source  Reference Cited in Source Notes
Contribution 
to HET (H/L)

NS‐21
Implement projects to increase floodplain habitat 
availability to improve habitat conditions for 
juvenile rearing. 

Summer/Wint
er Rearing

Big Chico 
Creek

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

Summary of Threats and 
Recovery Actions for Spring‐
Run and Winter‐Run Chinook 
Salmon (Notes from the 
Sacramento Salmon and 
Steelhead Recovery 
Workshop, May 22, 2007)

Additional information needed. L

NS‐22

Cooperate with local landowners to encourage 
revegetation of denuded stream reaches; and 
establish, restore, and maintain riparian habitat 
on Big Chico Creek.

Juvenile 
Emigration, 
Summer/Wint
er Rearing

Big Chico 
Creek

PG&E/CalTrout 
Prioritized Actions 

List

AFRP Restoration Plan 
(USFWS 2001)

Additional information needed. L

NS‐23
Purchase existing water rights from willing 
sellers.

All Butte Creek
PG&E/CalTrout 

Prioritized Actions 
List

AFRP Restoration Plan 
(USFWS 2001)

All Lower Butte Creek actions need to be 
investigated to determine if the actions were 
carried out in previous restoration activities.

L

NS‐24

Enhance watershed resiliency by identifying and 
implementing projects that would reduce the 
potential for, and magnitude of a catastrophic 
wildfire, restore meadows to potentially increase 
summer flows and reduce local water 
temperatures, or increase riparian shade. 

All Butte Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

U.S. Forest Service Long‐Term 
Anadromous Fish 
Conservation Strategy

Questionable match (fire) and additional 
information needed (meadows).

L

NS‐26

Identify gravel starved areas in Butte Creek and 
implement gravel additions. Develop a spawning 
gravel budget and implement an augmentation 
plan and use flow management to optimize 
spawning weighted usable area in consideration 
of hydrologic limitations and other species (e.g., 
steelhead) and life stage requirements.

Spawning Butte Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited L

NS‐27

Develop sustainable instream flow criteria for 
spawning and incubation periods and implement 
flow ramping protocols to protect all life stages of 
spring‐run Chinook salmon. 

All Butte Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited Identified in CVPIA Long‐Term Plan. L

NS‐28

Reduce the number of temporary passage 
impediments installed to create swimming holes 
in Butte Creek near Chico; conduct associated 
public outreach projects.

Adult 
Immigration

Butte Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited L

NS‐29

Identify stream reaches that have been most 
altered by anthropogenic factors and reconstruct 
a natural channel geometry scaled to current 
channel forming flows.

All Butte Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited L

NS‐30
Promote or create riparian buffer strips between 
the Butte Creek channel and adjacent land uses.

Juvenile 
Emigration, 
Summer/Wint
er Rearing

Butte Creek
PG&E/CalTrout 

Prioritized Actions 
List

No reference cited L

NS‐31
Implement projects that consolidate and screen 
existing diversions where feasible. 

All Butte Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited Additional information needed. L

 *Reference numbers are not necessarily in consecutive order, but actions are grouped by watershed. 3 8/10/2009



Habitat Expansion Agreement for Central Valley Spring­Run Chinook Salmon and California Central Valley Steelhead

Reference* 
Number

Description of Action
Target Life 
Stage(s)

Stream Source  Reference Cited in Source Notes
Contribution 
to HET (H/L)

NS‐32
Retrofit Magalia Dam on Little Butte Creek in 
order to provide for more storage to use for 
fisheries flows.

All
Little Butte 
Creek

HEA Steering 
Committee

No reference cited

An earthquake retrofit is necessary and 
might be an opportunity to increase storage 
to benefit fisheries flows. This would 
primarily benefit steelhead.

L

NS‐34 Construct fish ladder at upper Deer Creek falls.
Adult 

Immigration
Deer Creek

PG&E/CalTrout 
Prioritized Actions 

List

Spring‐run chinook salmon 
recovery brainstorming 
session (11/8/05)

Habitat for spring‐run limiting. L

NS‐79
Provide functional fish ladder at Lower Deer 
Creek falls.

Adult 
Immigration

Deer Creek Comment form No reference cited
USFS supports DFG efforts to correct the 
ladder.

L

NS‐35

Acquire water from willing sellers consistent with 
applicable guidelines or negotiate agreements to 
supplement instream flows in the lower ten miles 
of Deer Creek to ensure passage of adult and 
juvenile spring‐run Chinook salmon and 
steelhead over three diversion dams.

Adult 
Immigration, 
Juvenile 

Emigration

Deer Creek
PG&E/CalTrout 

Prioritized Actions 
List

AFRP Restoration Plan 
(USFWS 2001)

Water exchange program is being funded 
through the 4‐Pumps mitigation program.

L

NS‐36

Implement water exchange agreement with the 
Deer Creek Irrigation Company and the Stanford‐
Vina Irrigation District and dedicate fish passage 
flows.

Adult 
Immigration, 
Adult Holding

Deer Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

http://www.delta.dfg.ca.gov/a
frp/

Check status of DCID exchange agreement. L

Summary of Threats and 
Project to improve fish passage at Stanford‐
Vina Dam is being considered as part of Deer

NS‐37 a

Permit and construct a state‐of‐the‐art fish ladder 
that meets NMFS’ adult fish passage criteria and 
install a new apron at the Cone‐Kimball 
Diversion. 

Adult 
Immigration

Deer Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

Recovery Actions for Spring‐
Run and Winter‐Run Chinook 
Salmon (Notes from the 
Sacramento Salmon and 
Steelhead Recovery 
Workshop, May 22, 2007)

Vina Dam is being considered as part of Deer 
Creek Floodplain Study as of Oct 2008; 
projects to improve fish passage at DCID and 
Cone‐Kimball diversion dams are being 
discussed between Deer Creek Watershed 
Conservancy and irrigation districts as of Oct 
2008.  Identified in CVPIA Long‐Term Plan.

L

NS‐37 b
Install state‐of‐the‐art fish ladder at Stanford‐
Vina Dam. 

Adult 
Immigration

Deer Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

See NS‐37 a See NS‐37 a. L

NS‐37 c

Design and install state‐of‐the‐art fish passage 
facilities at diversions that currently do not meet 
the passage criteria. Study feasibility of 
consolidating diversion points to minimize the 
number of diversions on Deer Creek. Based on 
this study, consolidate diversions where feasible. 

Adult 
Immigration

Deer Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

See NS‐37 a See NS‐37 a. L

NS‐37 d

Conduct a study designed to determine adult fish 
passage flows at critical riffles and fish ladders; 
recommend and implement actions to acquire the 
flows indicated for passage. 

Adult 
Immigration

Deer Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

See NS‐37 a See NS‐37 a. L

 *Reference numbers are not necessarily in consecutive order, but actions are grouped by watershed. 4 8/10/2009



Habitat Expansion Agreement for Central Valley Spring­Run Chinook Salmon and California Central Valley Steelhead

Reference* 
Number

Description of Action
Target Life 
Stage(s)

Stream Source  Reference Cited in Source Notes
Contribution 
to HET (H/L)

NS‐38

Enhance watershed resiliency by identifying and 
implementing projects that would reduce the 
potential for, and magnitude of a catastrophic 
wildfire, restore meadows (Deer Creek meadows, 
Childs meadows, Gurnsey Creek, and North Fork 
Deer Creek) to potentially increase summer flows 
and reduce local water temperatures, or increase 
riparian shade.

All Deer Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

Deer Creek Watershed 
Existing Conditions Report 
and U.S. Forest Service Long‐
Term Anadromous Fish 
Conservation Strategy

Questionable match (fire) and additional 
information needed (meadows).

L

NS‐80
Reduce sources of chronic road related erosion of 
sediment

All Deer Creek Comment form No reference cited On-going activity. L

NS‐40
Build sediment retention structures; fortify 
streambanks with native vegetation. 

Spawning, Egg 
Incubation

Deer Creek
NMFS  Recovery 
Plan Co-Manager 

Review Draft
No reference cited Issue? L

NS‐41

Identify gravel starved areas in Deer Creek and 
implement gravel additions. Re‐design highway 
32 culvert crossing at Calf Creek to allow for 
unimpeded bedload transport. Conduct a 
spawning gravel augmentation feasibility study to 
increase available spawning habitat. Implement 

i l i j if h

Spawning Deer Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited
Issue? HWY 32 culvert managed by 
CALTRANS (need to be included).

L

spawning gravel augmentation projects if the 
feasibility study determines that such projects 
will not cause adverse ecological impacts. 

NS‐44 

Implement all or portions of the Deer Creek 
floodplain feasibility study, which can include (1) 
purchasing conservation easements, (2) 
moderate levee setbacks on both banks between 
Red Bridge and Stanford Vina Ranch Irrigation 
Company (SVRIC) dam, (3) replace current SVRIC 
dam with a seasonal dam, and (4) rebuild/expand 
Red Bridge.

Summer/Wint
er Rearing

Deer Creek
PG&E/CalTrout 

Prioritized Actions 
List; Questionnaire

Collaborative Group 2006, 
Draft Lower Deer Creek 
Ecosystem Restoration and 
Flood Management Technical 
Memorandum by Mark R. 
Tompkins and G.M. Kondolf 
(2008), AFRP Restoration Plan 
(USFWS 2001)

The Deer Creek Watershed Conservancy 
completed a floodplain feasibility study.  The 
study developed two action alternatives.  

L

NS‐45
Identify and implement projects designed to 
improve downstream passage conditions for 
juveniles. 

Juvenile 
Emigration

Deer Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited L

NS‐46

Identify stream reaches that have been most 
altered by anthropogenic factors and reconstruct 
a natural channel geometry scaled to current 
channel forming flows.

All Deer Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited L

NS‐47
Design and install state of the art fish screens at 
diversions that currently do not meet the NMFS 
fish screen criteria.

Juvenile 
Emigration

Feather River
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited L

NS‐90
Implement a trap‐and‐haul project on the North 
Fork Feather River.

All Feather River Comment form No reference cited H

NS‐91
Implement a trap‐and‐haul project on the Middle 
Fork Feather River.

All Feather River Comment form No reference cited H

 *Reference numbers are not necessarily in consecutive order, but actions are grouped by watershed. 5 8/10/2009



Habitat Expansion Agreement for Central Valley Spring­Run Chinook Salmon and California Central Valley Steelhead

Reference* 
Number

Description of Action
Target Life 
Stage(s)

Stream Source  Reference Cited in Source Notes
Contribution 
to HET (H/L)

NS‐49

Identify stream reaches that have been most 
altered by anthropogenic factors and reconstruct 
a natural channel geometry scaled to current 
channel forming flows. 

All
Feather/Yuba 

Rivers

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited L

NS‐51
Purchase TNC's Mill Creek Water Rights to 
provide additional stream flows for spring‐run 
Chinook and steelhead.

All Mill Creek
PG&E/CalTrout 

Prioritized Actions 
List; Questionnaire

AFRP Restoration Plan 
(USFWS 2001)

Project provides 18 cfs or nearly 10% of Mill 
Creek base flow.  Delta 4-pumps pays for 
pumping costs associated with Ground Water 
Exchange Program.  TNC purchased with 
intent to sell.  Identified in CVPIA Long-Term 
Plan.

L

NS‐52 b

Conduct fish passage evaluation at all agricultural 
diversions to determine if they meet NMFS’ fish 
passage criteria, and design and install state‐of‐
the‐art fish passage facilities at diversions that 
currently do not meet the passage criteria. 

Adult 
Immigration

Mill Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited L

NS‐81
Reduce sources of chronic road related erosion of 
sediment.

All Mill Creek Comment form No reference cited On‐going activity. L

NS‐54

Restore meadows and reduce stream channel 
incisement and bank erosion by modifying 
grazing practices and excluding cattle from 
nearshore zones and reduce the potential for

Spawning, Egg 
Incubation

Mill Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

U.S. Forest Service Long‐Term 
Anadromous Fish 
Conservation Strategy

L
nearshore zones, and reduce the potential for, 
and magnitude of a catastrophic wildfire.

Review Draft Conservation Strategy

NS‐55

Work with State and Federal water acquisition 
programs to develop dedicated instream water 
(Orange Cove water right purchase); participate 
in the lower Mill Creek Watershed Restoration 

All Mill Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

http://www.delta.dfg.ca.gov/a
frp/

H

NS‐56
Build sediment retention structures; fortify 
streambanks with native vegetation. 

Spawning, Egg 
Incubation

Mill Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited Issue? L

NS‐57
Implement projects to increase floodplain habitat 
availability to improve habitat conditions for 
juvenile rearing. 

Summer/Wint
er Rearing

Mill Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

Summary of Threats and 
Recovery Actions for Spring‐
Run and Winter‐Run Chinook 
Salmon (Notes from the 
Sacramento Salmon and 
Steelhead Recovery 
Workshop, May 22, 2007)

Issue? L

NS‐58
Identify and implement projects designed to 
improve downstream passage conditions for 
juveniles. 

Juvenile 
Emigration

Mill Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited Issue? L

NS‐59

Identify stream reaches that have been most 
altered by anthropogenic factors and reconstruct 
a natural channel geometry scaled to current 
channel forming flows. 

All Mill Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited Issue? L

NS‐60
Establish, restore, and maintain riparian habitat 
along the lower reaches of Mill Creek.

Juvenile 
Emigration, 
Summer/Wint
er Rearing

Mill Creek
PG&E/CalTrout 

Prioritized Actions 
List

AFRP Restoration Plan 
(USFWS 2001)

Issue?  Past AFRP project. L

 *Reference numbers are not necessarily in consecutive order, but actions are grouped by watershed. 6 8/10/2009
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Reference* 
Number

Description of Action
Target Life 
Stage(s)

Stream Source  Reference Cited in Source Notes
Contribution 
to HET (H/L)

NS‐63
Construct improved fish passage facilities at 
Daguerre Point Dam to provide for segregation of 
adult spring‐run and fall‐run chinook salmon.

Spawning, Egg 
Incubation

Yuba River
PG&E/CalTrout 

Prioritized Actions 
List

Spring‐run chinook salmon 
recovery brainstorming 
session (11/8/05)

It is difficult to determine how segregation 
would contribute to the HEA threshold. 
Impact to migrating steelhead is also a 
concern.  No preferred alternative selected 
yet.

H

NS‐64
Modify the fish ladders at Daguerre Point Dam to 
provide full fish passage.

Adult 
Immigration

Yuba River

NMFS  Recovery 
Plan Co‐Manager 
Review Draft; 
Questionnaire

Daguerre Point Dam Fish 
Passage Improvement Project 
2002 Fisheries Study

No preferred alternative selected yet. L

NS‐65
Facilitate passage of juvenile salmonids by 
modifying the dam face of Daguerre Point Dam.

Juvenile 
Emigration

Yuba River
PG&E/CalTrout 

Prioritized Actions 
List

AFRP Restoration Plan 
(USFWS 2001)

No preferred alternative selected yet. L

NS‐67a

Implement actions to enhance habitat conditions 
and improve access within the area above 
Englebright Dam, including increasing minimum 
flows, providing passage at Our House, New 
Bullards Bar, and Log Cabin dams, and assessing 
feasibility of passage improvement at natural 
barriers.                            

All Yuba River
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited

PG&E and NID are currently relicensing 
projects in the upper Yuba watershed; 
anadromous salmonid issues in the upper 
watershed are generally being handled 
outside of FERC relicensing.

H

NS‐94 a
Implement a trap‐and‐haul program around 
Englebright Dam for the North Yuba River above 
New Bullards Bar Reservoir.

All Yuba River No reference cited. H

Implement a trap‐and‐haul program around
NS‐94 b

Implement a trap‐and‐haul program around 
Englebright Dam for the North Yuba River below 
New Bullards Bar Reservoir.

All Yuba River No reference cited. H

NS‐94 c
Implement a trap‐and‐haul program around 
Englebright Dam for the Middle Yuba River in 
combination with increased flow releases.

All Yuba River No reference cited. H

NS‐69
Improve efficiency of screening devices at Brophy‐
South Yuba water diversion and other unscreened 
diversions.

Juvenile 
Emigration

Yuba River
PG&E/CalTrout 

Prioritized Actions 
List

AFRP Restoration Plan 
(USFWS 2001)

Required under Yuba River Accord and BO. L

NS‐83 
Restore backwater, side‐channel, and riparian/ 
floodplain habitat in the Lower Yuba River.

Juvenile 
Emigration, 
Summer/Wint
er Rearing

Yuba River Questionnaire No reference cited
Project will build on current AFRP‐funded 
pilot project and complements Narrows 
Gravel Rehabilitation Project (NS‐86). 

L

NS‐84 a
Rehabilitate Yuba River Narrows spawning 
habitat.

Spawning Yuba River Questionnaires

 SHIRA-based river analysis 
(Pasternack 2009) and Draft 
Implementation Plan for Lower 
Yuba River Anadromous Fish 
Restoration

Rehabilitates habitat and supplies 100 tons of 
gravel that is then maintained under the Corps 
requirements. Pilot project completed in 2007.  
Requires injection of 54,000 cubic yards of 
gravel.  

H

NS‐84 b
Rehabilitate Yuba River Narrows spawning 
habitat with possible segregation weir 
approximately 6 miles below Englebright Dam.

Spawning Yuba River Questionnaire
Draft Implementation Plan for 
Lower Yuba River Anadromous 
Fish Restoration

FWS and DFG do not currently support using 
a segregation weir.

H

NS‐89
Implement Deer Creek Salmon and Steelhead 
Spawning Habitat Expansion Project.

Spawning
Deer Creek/ 
Yuba River

Questionnaire No reference cited

Restore habitat via gravel augmentation, 
barrier removal, invasive species removal, 
and riparian revegetation.  Project enhances 
mitigation requirements.

L

 *Reference numbers are not necessarily in consecutive order, but actions are grouped by watershed. 7 8/10/2009
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Reference* 
Number

Description of Action
Target Life 
Stage(s)

Stream Source  Reference Cited in Source Notes
Contribution 
to HET (H/L)

NS‐85 

Operate and maintain real‐time flow and 
temperature monitoring gages on Big Chico, 
Butte, Deer, and Mill Creeks (with possible 
expansion to Antelope Creek).

All

Big Chico, 
Butte, Deer, 
and Mill 
creeks

Questionnaire
AFRP Restoration Plan 
(USFWS 2001)

Funds continued operation and maintenance 
of flow gauges that lose funding in 2010.

L

NS‐93
Evaluate and implement fish passage upstream of 
Folsom Lake into the Middle Fork (and possibly 
North Fork) of the American River.

All
American 
River

 Comment Form No reference cited.
Action may be ineligible under HEA Section 
3.2 because required under OCAP BO.

H

Basalt and Porous Lava Spring­Run Chinook Salmon Diversity Group

B‐1

Implement Phase 1(b) of the package of passage, 
screening, and flow actions defined for the Battle 
Creek Restoration Project as defined by the 
Memorandum of Understanding (i.e., tailrace 
connector between Inskip Powerhouse and 
Coleman Canal on the South Fork Battle Creek).

Adult 
Immigration

Battle Creek
PG&E/CalTrout 

Prioritized Actions 
List

Battle Creek Restoration Plan 
(Kier and Associates 1999).

Action may be ineligible under HEA Section 
3.2 because required under OCAP BO.  
Federal Stimulus Funding may also be 
available.

L

B‐2

Implement Phase 2 of the package of passage, 
screening, and flow actions defined for the Battle 
Creek Restoration project, as defined by the 
Memorandum of Understanding (i.e., removal of 
Coleman Diversion Dam, South Diversion Dam, 
Soap Creek Feeder and Lower Ripley Creek

All Battle Creek
PG&E/CalTrout 

Prioritized Actions 
Battle Creek Restoration Plan 
(Kier and Associates 1999)

Action may be ineligible under HEA Section 
3 2 because required under OCAP BO

H
Soap Creek Feeder, and Lower Ripley Creek 
Feeder; fish ladder and screen construction at 
Inskip Diversion Dam; tailrace connector between 
South Powerhouse and Inskip Canal; and 
streamflow increases in South Fork Battle Creek).

List
(Kier and Associates 1999). 3.2 because required under OCAP BO.

B‐4
Develop and implement pulse flow schedules 
during peak migration periods for years with low 
water availability. 

Adult 
Immigration

Battle Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited L

B‐9
Modernize/upgrade PG&E facilities to reduce the 
potential for flow fluctuations and outages. 

All Battle Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited L

B‐12
Develop and increase application of alternative 
diversion technologies that eliminate 
entrainment.

Juvenile 
Emigration

Battle Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited L

 *Reference numbers are not necessarily in consecutive order, but actions are grouped by watershed. 8 8/10/2009
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Reference* 
Number

Description of Action
Target Life 
Stage(s)

Stream Source  Reference Cited in Source Notes
Contribution 
to HET (H/L)

B‐15

Conduct feasibility studies for allowing spring‐
run Chinook salmon access to habitat above 
Shasta Dam, including assessing habitat 
suitability and passage logistics (i.e., getting 
immigrating adults above the dam and emigrating 
juveniles below it). If the feasibility studies 
suggest that fish passage can be successful, then 
design and conduct an experimental fish passage 
program evaluating adult distribution, survival, 
spawning, and production in habitats above 
Shasta Dam. 

If the experimental fish passage program 
demonstrates that passage above Shasta dam can 
substantively contribute to the long‐term viability 
of the ESU, then develop and implement long‐
term fish passage programs.   Implement an 
annual trap‐and‐haul operation, if warranted.

Adult 
Immigration, 
Adult Holding, 
Spawning

Sacramento 
River

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited.
Action may be ineligible under HEA Section 
3.2 because required under OCAP BO.

H

B‐18

Conduct periodic (e.g., every 5 years) spawning 
gravel assessments in the upper Sacramento 
River (i.e., above RBDD) and implement gravel 

Spawning
Sacramento 

River

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited Benefits steelhead but not spring‐run. L
( ) p g

augmentation projects, as necessary. 
Review Draft

B‐19

Modify gravel pits and mounds to ensure full 
drainage of these features to allow flooding while 
preventing stranding and warm water predator 
habitat. 

Juvenile 
Emigration, 
Summer/Wint
er Rearing

Upper 
Sacramento 

River

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited

The Recovery Plan mentions this action in 
reference to the juveniles produced in the 
Sacramento River.  La Barranca floodplain 
project needs funding for construction.  

L

B‐20
Restore the current Lake Red Bluff footprint to 
riparian habitat. 

All
Upper 

Sacramento 
River

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited L

Northwestern California Spring­Run Chinook Salmon Diversity Group

NWC‐1

Enhance watershed resiliency by identifying and 
implementing projects that would reduce the 
potential for, and magnitude of a catastrophic 
wildfire, restore meadows to potentially increase 
summer flows and reduce local water 
temperatures, or increase riparian shade. 

All
Beegum 
Creek

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited Issue? L

NWC‐2
Develop and implement a spawning gravel 
augmentation plan.

Spawning
Beegum 
Creek

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited Issue? L

NWC‐3

Eliminate sources of chronic sediment delivery 
from roads and other near stream development 
by out‐sloping roads, constructing diversion 
prevention dips, replacing under‐sized culverts 
and applying other storm proofing guidelines. 

Spawning, Egg 
Incubation

Beegum 
Creek

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited L

NWC‐5
Inject LWD and boulders in the canyon reach of 
Clear Creek to induce gravel deposition to 
support pocket spawning by salmonids.

Spawning Clear Creek
PG&E/CalTrout 

Prioritized Actions 
List

Collaborative Group 2006 Issue w/ kayakers, lower priority L

 *Reference numbers are not necessarily in consecutive order, but actions are grouped by watershed. 9 8/10/2009
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Reference* 
Number

Description of Action
Target Life 
Stage(s)

Stream Source  Reference Cited in Source Notes
Contribution 
to HET (H/L)

NWC‐6

Clear Creek gravel supplementation in the reach 
where spring‐run Chinook and steelhead spawn 
by placing gravel directly into four new sites and 
supplementing existing sites with "injected" 
gravel.

Spawning Clear Creek Questionnaires

Graham Matthews and 
Associates 2007, North State 
Resources 2008,  and 
additional references provided 
in Questionnaire

This would not be self‐sustaining. It would 
need to be redone periodically but works 
synergistically with NWC‐8 and NWC‐20.  
Potential/perfect substrate estimated to 
support 5,264 spring‐run and 12,816 
steelhead.  Gravel augmentation required 
under OCAP BO.

H

NWC‐25
Developing long‐term spawning gravel supply by 
processing gold mine tailings on DFG and BLM 
properties adjacent to Clear Creek.

Spawning Clear Creek Questionnaire
North State Resources 2008 
and additional references 
provided in Questionnaire

Provides Long‐Term and inexpensive supply 
of spawning gravel, prevents entrainment of 
mercury, and creates functional floodplain in 
tailing area.  CVPIA funded and completed 
feasibility study.  Gravel augmentation 
required under OCAP BO.

L

NWC‐9

Enhance watershed resiliency by identifying and 
implementing projects that would reduce the 
potential for, and magnitude of a catastrophic 
wildfire, restore meadows to potentially increase 
summer flows and reduce local water 
temperatures, or increase riparian shade. 

All Clear Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

Summary of Threats and 
Recovery Actions for Spring‐
Run and Winter‐Run Chinook 
Salmon (Notes from the 
Sacramento Salmon and 
Steelhead Recovery 
Workshop, May 22, 2007)

Include only wildlife and revegetation 
actions (lower priority) since other issues 
being implemented.

L

Conduct a passage feasibility study, including an 

NWC‐10

assessment of potential habitat above 
Whiskeytown Dam.  If the action is feasible and 
passage above Whiskeytown Dam can 
substantively contribute to the Long‐Term 
viability of the ESU, then develop and implement 
a Long‐Term fish passage program. 

Adult 
Immigration, 
Adult Holding, 
Spawning

Clear Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited

Feasibility concerns due to flow, mine 
contamination, upstream passage barriers, 
gravel availability, and trap‐and‐haul 
limitations

H

NWC‐13

Eliminate sources of chronic sediment delivery 
from roads and other near stream development 
by out‐sloping roads, constructing diversion 
prevention dips, replacing under‐sized culverts 
and applying other storm proofing guidelines. 

Spawning, Egg 
Incubation

Clear Creek
NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited
Lower priority since most feasible projects 
already completed.  Parks is pursing funding 
for inventory.

L

NWC‐18 a
Protect/enhance existing riparian habitat and 
corridors and establish and restore additional 
riparian habitat where needed.

Juvenile 
Emigration, 
Summer/Wint
er Rearing

Cottonwood 
Creek

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

Summary of Threats and 
Recovery Actions for Spring‐
Run and Winter‐Run Chinook 
Salmon (Notes from the 
Sacramento Salmon and 
Steelhead Recovery 
Workshop, May 22, 2007)

This action, while on Cottonwood Creek, is 
mentioned in the Recovery Plan as 
benefiting Beegum Creek.  Some AFRP 
projects are in place.

L

NWC‐18 b
Implement non‐native plant (e.g. Arundo) 
eradication plan. 

Juvenile 
Emigration, 
Summer/Wint
er Rearing

Cottonwood 
Creek

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

See NWC‐18 a. See NWC‐18 a. L

NWC‐19

Re‐establish natural channel morphology by: (1) 
applying NMFS gravel mining criteria to all gravel 
mining projects;  and (2) integrating natural 
morphological features and functions into bank 
protection and other stream side development 
projects.

All
Cottonwood 

Creek

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited

This action, while on Cottonwood Creek, is 
mentioned in the Recovery Plan as 
benefiting Beegum Creek.  AFRP needs 
funding for sediment budget study.

L

 *Reference numbers are not necessarily in consecutive order, but actions are grouped by watershed. 10 8/10/2009
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Reference* 
Number

Description of Action
Target Life 
Stage(s)

Stream Source  Reference Cited in Source Notes
Contribution 
to HET (H/L)

Sacramento River Basinwide

SBW‐1 a
Implement bank revetment removal programs 
and projects and breach or remove abandoned 
levees during set‐back levee projects.

Juvenile 
Emigration, 
Summer/Wint
er Rearing

Upper and 
Middle 

Sacramento 
River

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

http://www.nature.org/wher
ewework/northamerica/state
s/california/

Worth considering after assessing current 
carrying capacity of Sacramento River 
mainstem habitats.

L

SBW‐1 b

Restore a continuous 100‐mile stretch of 
ecologically viable riparian habitat to flood‐prone 
lands along the river between Red Bluff and 
Colusa.

Juvenile 
Emigration, 
Summer/Wint
er Rearing

Upper and 
Middle 

Sacramento 
River

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

http://www.nature.org/wher
ewework/northamerica/state
s/california/

Worth considering after assessing current 
carrying capacity of Sacramento River 
mainstem habitats.

L

SBW‐3 a
Promote native riparian (e.g., willows) species 
through eradication of non‐native species (e.g., 
Arundo, tamarisk).

Juvenile 
Emigration, 
Summer/Wint
er Rearing

Lower 
Sacramento 

River

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited
Worth considering after assessing current 
carrying capacity of Sacramento River 
mainstem habitats.

L

SBW‐3 b

Modify vegetation maintenance practices to 
encourage riparian growth and establish a native 
vegetated corridor in currently 
unvegetated/leveed reaches of the lower 
Sacramento River especially between Colusa and 
Verona.

Juvenile 
Emigration, 
Summer/Wint
er Rearing

Lower 
Sacramento 

River

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited See SBW‐3 a. L

SBW 3 c

Restore a continuous 85‐mile stretch of riparian 
habitat of an appropriate width to maintain 
ecologically viable function to flood prone lands

Juvenile 
Emigration, 

Lower 
Sacramento

NMFS  Recovery 
Plan Co Manager No reference cited

See SBW‐3 a.  May potentially be addressed 
LSBW‐3 c ecologically viable function to flood‐prone lands 

along both banks of the river between Colusa and 
Sacramento. 

g ,
Summer/Wint
er Rearing

Sacramento 
River

Plan Co‐Manager 
Review Draft

No reference cited
y p y

under OCAP BO.
L

SBW‐4 a

Modify vegetation maintenance practices to 
encourage riparian growth and establish a native 
vegetated corridor in currently 
unvegetated/leveed reaches of the middle 
Sacramento River.

Juvenile 
Emigration, 
Summer/Wint
er Rearing

Middle 
Sacramento 

River

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

http://www.nature.org/wher
ewework/northamerica/state
s/california/

Worth considering after assessing current 
carrying capacity of Sacramento River 
mainstem habitats.

L

SBW‐4 b
Create and restore side‐channel habitats to 
increase the quantity and quality of off‐channel 
rearing (and spawning) areas. 

Juvenile 
Emigration, 
Summer/Wint
er Rearing

Middle 
Sacramento 

River

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

http://www.nature.org/wher
ewework/northamerica/state
s/california/

Worth considering after assessing current 
carrying capacity of Sacramento River 
mainstem habitats.

L

SBW‐7
Implement projects that consolidate and screen 
existing diversions where feasible. 

Juvenile 
Emigration

Sacramento 
River

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited
May potentially be addressed under OCAP 
BO.

L

SBW‐11
Develop and increase application of alternative 
diversion technologies that eliminate 
entrainment. 

Juvenile 
Emigration

Sacramento 
River

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited
Worth considering after assessing current 
carrying capacity of Sacramento River 
mainstem habitats.

L

SBW‐14
Implement projects that acquire strategic 
floodplain easements to re‐establish floodplain 
connectivity in areas constricted by levees. 

Summer/Wint
er Rearing

Sacramento 
River

NMFS  Recovery 
Plan Co‐Manager 
Review Draft

No reference cited

The Recovery Plan mentions this action in 
reference to the juveniles produced in the 
Sacramento River.  Worth considering after 
assessing current carrying capacity of 
Sacramento River mainstem habitat.

L

 *Reference numbers are not necessarily in consecutive order, but actions are grouped by watershed. 11 8/10/2009
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Reference* 
Number

Description of Action
Target Life 
Stage(s)

Stream Source  Reference Cited in Source Notes
Contribution 
to HET (H/L)

SBW‐18

Pursue opportunities, consistent with efforts 
conducted pursuant to Senate Bill 1086 (SB 
1086), to create a 50,000‐acre meander belt from 
Keswick Dam to Colusa to recruit gravel and large 
woody debris, to moderate temperatures and to 
enhance nutrient input.

All

Upper 
/Middle 

Sacramento 
River

PG&E/CalTrout 
Prioritized Actions 
List

AFRP Restoration Plan 
(USFWS 2001)

Worth considering after assessing current 
carrying capacity of Sacramento River 
mainstem habitats.

L

SBW‐19
Operate segregation weir at ACID to separate fall‐
run and spring‐run on mainstem.

Spawning
Upper 

Sacramento 
River

Comment form No reference cited
DFG previously stated that they would not 
support this type of action.

H

 *Reference numbers are not necessarily in consecutive order, but actions are grouped by watershed. 12 8/10/2009
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Short List of Potential Actions

Reference 
Number Description of Action

Deal Killer 
(No/ Maybe)

Estimated HET 
Contribution

Reference for Estimated 
HET Contribution

NS‐14
Iron Canyon Fish Ladder Rehabilitation 
Project in Big Chico Creek. No 1,000 DFG ‐  Historical

NS‐35, NS‐
37a, NS‐
37b, NS‐
95, NS‐44

Supplement flows, passage at DCID, Cone‐
Kimball, and Stanford‐Vina Diversions, 
Floodplain Project in lower Deer Creek. No 1,000

DFG ‐  Historical and 
GRANDTAB

NS‐5, NS‐1, 
NS‐77, NS‐
3, NS‐10

Paynes Crossing, supplement flow, Valley 
Floor Channel Project, modify ag diversion 
to provide passage and reduce 
entrainment in Antelope Creek. No >= 500 DFG ‐  Historical

NS‐55

Develop dedicated instream water 
(Orange Cove water right purchase) in 
Mill Creek; lower Mill Creek Watershed 
Restoration Project. No 1,900 Questionnarie

NS‐64, NS‐
65, NS‐
84b, NS‐
83, NS‐89

Adult & juvenile passage at Daguerre 
Point Dam, Yuba River Narrows spawning 
habitat w/ segregation weir, backwater, 
side‐channel, and riparian/floodplain 
habitat, Deer Creek Habitat Expansion 
P j t i th l Y b RiProject in the lower Yuba River. Maybe >= 2000 Questionnarie

NS‐67b Fish Passage into Upper Yuba Watershed.  Maybe 500 (Middle Yuba) UYRSP Team 2006

NS‐84 b
Rehabilitate Yuba River Narrows 
spawning habitat with segregation weir in 
the lower Yuba River. Maybe >= 2000 Questionnarie

NS‐90
Trap‐and‐haul project on the North Fork 
Feather River. Maybe 500‐2500

Payne & Associates 2004 
(FERC)

NS‐91
Trap‐and‐haul project on the Middle Fork 
Feather River. Maybe

< 500 below 
natural barrier; 
unknown above DWR 2007 (FERC Report)

NS‐93
Trap‐and‐haul program on the Middle 
Fork (and possibly North Fork) of the 
American River. Maybe Unknown

NS‐94 a
Trap‐and‐haul program on the North Yuba 
River above New Bullards Bar Reservoir 
with habitat restoration. Maybe Unknown

NS‐94 b
Trap‐and‐haul program on the North Yuba 
River below New Bullards Bar with 
habitat restoration. Maybe Unknown

NS‐94 c
Trap‐and‐haul program on the Middle 
Yuba River in combination with increased 
flow releases and habitat restoration. Maybe >= 500 UYRSP Team 2006

B‐2
Phase 2 of the Battle Creek Restoration 
project. Maybe 1250‐2500 Kier & Associates 1999

B‐15
Trap‐and‐haul program on the 
Sacramento River at Shasta Dam. Maybe Unknown
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NWC‐10
Trap‐and‐haul program in Clear Creek at 
Whiskeytown Dam. Maybe Unknown

NWC‐6, 
NWC‐25

Clear Creek gravel supplementation, 
processing tailings and restoring 
floodplain habitat. Maybe 5,264 Questionnarie

SBW‐19
Segregation weir in the Sacramento River 
at the Anderson‐Cottonwood Irrigation 
District (ACID) Dam . Maybe 7,500 Cramer Fish Sciences
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Ranked Preliminary List of Viable Actions

Reference 
Number Description of Action

Deal Killer 
(No/ 
Maybe)

Estimated 
HET 

Contribution

Reference for 
Estimated 

HET 
Contribution

(a) 
Feasibility (b) Scale 

(c) 
Sustainability

(d) Cost 
Effective

(e) Minimal 
Intervention

(f) 
Separation‐
Genetic

(g) 
Separation‐
Catastrophe 

(h) Time to 
Implement

(i) Local/ 
Political 
Support 

(j) VSP/ESA 
Consistency 

(k) Balance 
of Benefits

(l) Resource 
Consistency 

(m) 
Available 
Stocks

(n) Action 
Taken by 
Others

(o) Other FR 
Species

(p) Adverse 
Effects‐spp

(q) Adverse 
Effects‐cult.

Total 
Score

Norm. 
Total 
(100)

Score Score Score Score Score Score Score Score Score Score Score Score Score Score Score Score Score

B‐2
Phase 2 of the Battle Creek 
Restoration Project. Maybe 1,250‐2,500

Kier & 
Associates 
1999 5 5 4 4 4 5 4 4 4 5 5 4 4 2 4 5 5 73 100.00

NS‐64, NS‐
65, NS‐84b, 
NS‐83, NS‐89

Adult & juvenile passage at 
Daguerre Point Dam, Yuba 
River Narrows spawning 
habitat w/ segregation weir, 
backwater, side‐channel, 
and riparian/floodplain 
habitat, Deer Creek Habitat 
Expansion Project in the 
lower Yuba River. Maybe >= 2,000 Questionnarie 5 5 4 4 4 5 5 3 3 5 4 4 4 4 3 5 5 72 98.63

NS‐5, NS‐1, 
NS‐77, NS‐3, 
NS‐10

Paynes Crossing, 
supplement flow, Valley 
Floor Channel Project, 
modify ag diversion to 
provide passage and reduce 
entrainment in Antelope 
Creek. No >= 500

DFG ‐  
Historical 5 4 4 4 4 4 2 3 5 4 5 5 4 4 4 5 4 70 95.89

NS‐84 b

Rehabilitate Yuba River 
Narrows spawning habitat 
with segregation weir in the 
lower Yuba River. Maybe >= 2,000 Questionnarie 5 4 3 4 3 5 5 4 3 4 4 4 4 4 3 5 5 69 94.52

NS‐14
Iron Canyon Fish Ladder 
Rehabilitation Project in Big 
Chico Creek. No 1,000

DFG ‐  
Historical 5 4 4 5 4 4 2 5 5 3 4 5 4 2 2 5 5 68 93.15

NWC‐6, NWC‐
25

Clear Creek gravel 
supplementation, 
processing tailings and 
restoring floodplain habitat. Maybe 5,264 Questionnarie 5 4 3 4 2 4 5 4 4 4 4 5 4 3 3 4 5 67 91.78

NS‐55

Develop dedicated instream 
water (Orange Cove water 
right purchase) in Mill 
Creek; lower Mill Creek 
Watershed Restoration 
Project. No 1,900 Questionnarie 5 3 3 3 4 3 1 4 4 3 4 4 5 3 4 4 5 62 84.93

NS‐35, NS‐
37a, NS‐37b, 
NS‐95, NS‐44

Supplement flows, passage 
at Deer Creek Irrigation 
District, Cone‐Kimball, and 
Stanford‐Vina Diversions, 
Floodplain Project in lower 
Deer Creek. No 1,000

DFG ‐  
Historical and 
GRANDTAB 5 3 4 3 4 3 1 3 4 3 4 4 5 3 4 4 5 62 84.93

SBW‐19

Segregation weir in the 
Sacramento River at the 
Anderson‐Cottonwood 
Irrigation District (ACID) 
Dam . Maybe 7,500

Cramer Fish 
Sciences 5 3 3 4 3 5 4 3 2 3 4 4 4 5 1 4 5 62 84.93

NS‐90
Trap‐and‐haul project on 
the North Fork Feather 
River. Maybe 500‐2,500

Payne & 
Associates 
2004 (FERC) 3 4 2 1 1 5 5 2 2 4 5 3 4 5 1 4 5 56 76.71

NS‐94 a

Trap‐and‐haul program on 
the North Yuba River above 
New Bullards Bar Reservoir 
with habitat restoration. Maybe Unknown 2 4 2 1 1 5 5 2 3 4 5 3 4 4 1 4 5 55 75.34

EVALUATION CRITERIA  Summary

 8/6/2009
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Reference 
Number Description of Action

Deal Killer 
(No/ 
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Sustainability
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Effective
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of Benefits
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(m) 
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(q) Adverse 
Effects‐cult.
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Norm. 
Total 
(100)

Score Score Score Score Score Score Score Score Score Score Score Score Score Score Score Score Score

EVALUATION CRITERIA  Summary

NS‐91
Trap‐and‐haul project on 
the Middle Fork Feather 
River.

Maybe

< 500 below 
natural 
barrier; 
unknown 
above

DWR 2007 
(FERC Report) 2 3 2 1 1 5 5 2 2 4 5 3 4 5 1 4 5 54 73.97

NS‐94 c

Trap‐and‐haul program on 
the Middle Yuba River in 
combination with increased 
flow releases and habitat 
restoration. Maybe >= 500

UYRSP Team 
2006 2 3 2 1 1 5 5 2 3 4 5 3 4 4 1 4 5 54 73.97

B‐15
Trap‐and‐haul program on 
the Sacramento River at 
Shasta Dam. Maybe Unknown 2 4 2 1 1 5 5 2 3 4 5 3 4 2 1 5 4 53 72.60

NWC‐10
Trap‐and‐haul program in 
Clear Creek at Whiskeytown 
Dam. Maybe Unknown 2 2 2 1 1 5 5 2 2 4 5 3 4 5 1 4 4 52 71.23

NS‐94 b

Trap‐and‐haul program on 
the North Yuba River below 
New Bullards Bar with 
habitat restoration. Maybe Unknown 2 2 2 1 1 5 5 2 3 3 5 3 4 4 1 4 5 52 71.23

NS‐93

Trap‐and‐haul program on 
the Middle Fork (and 
possibly North Fork) of the 
American River. Maybe Unknown 2 4 2 1 1 5 5 2 3 4 5 3 1 2 1 4 5 50 68.49

 8/6/2009
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Ranked List of Viable Actions with Selection Criteria Evaluation

(a) 
Contribution

(b) Cost 
Effective

(c) 
Feasibility

(d) Time to 
Implement

Selection 
Criteria

Evaluation 
Criteria

Reference 
Number

Description of Action Estimated HET 
Contributiona

Estimated 
Cost (incl. 
O&M)b Score Score Score Score Score

Weighted 
Score Product

Norm 
Prod

NS‐5 Paynes Crossing in Antelope Creek. ~250 1.0M 1 5 5 5 16 0.96 15.36 100.0

NS‐84 b
Rehabilitate Yuba River Narrows 
spawning habitat with segregation weir 
in the lower Yuba River. ~3,250 16M 3 5 4 4 16 0.94 15.04 97.9

NS‐14
Iron Canyon Fish Ladder Rehabilitation 
Project in Big Chico Creek. ~500 2.7M 1 5 5 5 16 0.93 14.88 96.9

NS‐84b, NS‐
83, NS‐89

Yuba River Narrows spawning habitat 
w/ segregation weir, backwater, side‐
channel, and riparian/floodplain 
habitat, Deer Creek Habitat Expansion 
Project in the lower Yuba River. ~3,450 20.6M 3 5 4 3 15 0.99 14.85 96.7

B‐2
Phase 2 of the Battle Creek Restoration 
Project. ~1600 46.3M 1 3 4 4 12 1 12 78.1

NS‐5, NS‐1,NS‐
77, NS‐3, NS‐
10

Paynes Crossing; supplement flow; 
Valley Floor Channelc; modify ag 
diversions to provide passage and 
reduce entrainment in Antelope Creek. ~350 8.0M 1 3 5 3 12 0.96 11.52 75.0

NS‐55

Develop dedicated instream water 
(purchase The Nature Conservancy 
water rights, Orange Cove water right, 
& water from other willing sellers) in 
Mill Creek. < 100 3.0M 1 3 4 4 12 0.85 10.2 66.4

11/17/2009
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(a) 
Contribution

(b) Cost 
Effective

(c) 
Feasibility

(d) Time to 
Implement

Selection 
Criteria

Evaluation 
Criteria

Reference 
Number

Description of Action Estimated HET 
Contributiona

Estimated 
Cost (incl. 
O&M)b Score Score Score Score Score

Weighted 
Score Product

Norm 
Prod

NS‐35, NS‐
37a, NS‐37b, 
NS‐44

Supplement flows in Deer Creek; 
improve passage at Stanford‐Vina, Cone‐
Kimball and Deer Creek Irrigation 
District diversion dams; implement 
Floodplain Project in lower Deer Creek.

~600 32.3M 1 3 4 3 11 0.85 9.35 60.9

NS‐94 a
Trap‐and‐haul program on the North 
Yuba River above New Bullards Bar 
Reservoir with habitat restoration. ~1,750d [100M] 1 3 2 2 8 0.75 6 39.1

NS‐94 c

Trap‐and‐haul program on the Middle 
Yuba River in combination with 
increased flow releases and habitat 
restoration. ~500d [75M] 1 1 2 2 6 0.74 4.44 28.9

NS‐94 b
Trap‐and‐haul program on the North 
Yuba River below New Bullards Bar 
with habitat restoration. [500] [75M] 1 1 2 2 6 0.71 4.26 27.7

aContribution from Quantification Method (unless noted otherwise).
bO&M costs calculated for 50‐year term.
cValley Floor Channel implementation costs based on estimates from the Lower Clear Creek Restoration Project.
dContribution for North Fork estimated from Ripple; Middle Fork estimated from Upper Yuba River Studies Program

Note: brackets indicate unsubstantiated estimate.

11/17/2009
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Appendix C 
Outreach Activities 

Effective November 20, 2007, Pacific Gas and Electric Company (PG&E) and 
the California Department of Water Resources (DWR) entered into the Habitat 
Expansion Agreement for Central Valley Spring-Run Chinook Salmon and 
California Central Valley Steelhead (HEA) with the following parties:  American 
Rivers, Arthur G. Baggett, Jr.1; California Department of Fish and Game (DFG); 
U.S. Department of Agriculture Forest Service (Forest Service); National Marine 
Fisheries Service (NMFS); U.S. Fish and Wildlife Service (USFWS); and State 
Water Contractors, Inc.  A copy of the HEA is available on the HEA website:  
www.sac-basin-hea.com. DWR and PG&E (the Licensees) formed a Steering 
Committee, comprised of two representatives each, to execute the HEA in 
accordance with its terms and conditions.   

The HEA allows the Licensees 2 years to jointly identify, evaluate, and select the 
most promising and cost-effective action(s) to expand spawning, rearing, and 
adult holding habitat for spring-run Chinook salmon and steelhead in the 
Sacramento River Basin.  The Steering Committee consulted with NMFS and the 
HEA signatories, and requested input from directly affected and responsive third 
parties (herein referred to as other stakeholders) to identify potential actions that 
could qualify under the HEA.  These outreach efforts assisted the Licensees with 
the development of the Draft and Final Habitat Expansion Plan (HEP).   

The following sections describe how the Licensees, using the Steering 
Committee, sought input and shared information with NMFS, the HEA 
signatories, and other stakeholders.  Table C-1 lists in chronological order the 
various outreach efforts by the Licensees during development of the Draft and 
Final HEP.  The Licensees will continue their outreach efforts through 
completion of their responsibilities under the HEA.  Chapter 5 of the Final HEP 
identifies the remaining phases of the HEA.  

                                                      
1 Mr. Baggett, a member of the California State Water Resources Control Board (State Water Board), signed the 

HEA as a recommendation to the State Water Board.  Neither he nor the State Water Board is a Party to the 
HEA.  Mr. Baggett will not be participating in the State Water Board’s consideration of any petition for water 
quality certification for any Habitat Expansion Plan pursuant to Section 401 of the federal Clean Water Act.   
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Table C-1.  Chronological Summary of HEA Steering Committee Outreach Activities 

Date Venue Audience Description 

2008    

Fall 2008 Website HEA Signatories Developed a website providing background 
information on the HEA 

4/30/2008 Conference call  NMFS Reviewed status of the Licensees’ efforts on 
implementing the HEA and requested feedback 
from NMFS on how to solicit proposals as a means 
of identifying actions 

7/10/2008 Symposium Salmonid Restoration 
Federation’s Spring-Run 
Chinook Salmon 
Symposium 

Presented on the HEA and participated in a panel 
discussion on habitat expansion opportunities for 
spring–run Chinook salmon 

8/20/2008 Meeting NMFS Reviewed the draft Work Plan for fulfilling the 
HEA and efforts to date, application of HEA criteria 
to a preliminary list of actions, and methods used to 
determine contribution to the HET 

10/28/2008 Letter HEA Signatories Provided an update on implementation of the HEA 
and initiated contact with representatives from each 
signatory  

12/5/2008 Meeting Agency Partnering 
Meeting 

Attended the 16th Partnering Session of USFWS, 
NMFS, Corps, EPA, and DFG; presented on the 
HEA 

2009    

1/14/2009 Meeting HEA Signatories Met with signatories representing the central 
Sacramento River Basin watersheds to solicit 
information on potential habitat expansion actions 

1/21/2009 Meeting HEA Signatories Met with signatories representing the northern 
Sacramento River Basin watersheds to solicit 
information on potential habitat expansion actions 

1/28/2009 Meeting HEA Signatories Met with signatories representing the southern 
Sacramento River Basin watersheds to solicit 
information on potential habitat expansion actions 

3/6/2009 Letter Other Stakeholders Solicited feedback on the development of potential 
habitat expansion actions for the HEP  

3/10/2009 Website HEA Signatories and 
Other Stakeholders 

Posted a new page to the HEA website providing 
stakeholders with instructions on how to provide 
input on potential habitat expansion actions 

4/2009 – 
9/2009 

Personal 
communication 

RCDs, Watershed 
Groups 

Offered information regarding the HEA and 
informed them on how to provide input on potential 
habitat expansion actions 
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Date Venue Audience Description 

4/8/2009 Meeting NMFS Reviewed the framework for evaluating and 
selecting habitat expansion actions, working 
definitions for HEA criteria, methodology used to 
determine the HET, and list of potential habitat 
expansion actions; also learned about NMFS’ 
proposed Upper Yuba River actions 

5/13/2009 Letter American Rivers Replied to a letter received from Steve Rothert of 
American Rivers 

5/28/2009 Conference call NMFS Reviewed NMFS’ comments received on various 
HEA documents, approach for applying the HEA 
Evaluation Criteria, Working List of Potential 
Actions, and recommendations for determining 
contribution to the HET 

6/15/2009 Meeting HEA Signatories and 
Other Stakeholders 

Provided an update on the Working List of Potential 
Actions considered for the HEP and requested 
feedback on the approach for applying the HEA 
criteria and quantification methods used to 
determine contribution to the HET 

7/7/2009 Symposium Lower Yuba River 
Symposium 

Attended the symposium and met with members of 
the RMT to discuss potential habitat expansion 
actions on the Lower Yuba River; also learned 
about other actions received via HEA questionnaires 

8/12/2009 Meeting HEA Signatories and 
Other Stakeholders 

Reviewed revised approach for applying the HEA 
criteria, presented the Ranked Preliminary List of 
Viable Actions, and requested feedback on revised 
approach for applying HEA Evaluation Criteria 

10/15/2009 Meeting HEA Signatories and 
Other Stakeholders 

Presented the List of Viable Actions, reviewed the 
method for determining contribution to the HET, 
presented actions under consideration for the Draft 
HEP; again requested feedback on the approach for 
applying the HEA criteria and quantification 
methods for determining contribution to the HET 

11/6/2009 Conference Call Principals from NMFS 
and Licensees 

Discussed eligibility of actions to be recommended 
in the Draft HEP (Lower Yuba River Actions and 
Three-Creek Actions) 

2010    

1/13/2010 Meeting Lower Yuba River 
Landowners 

Educated landowners on the HEA and informed 
them of potential actions under consideration in 
their area 

2/2010 Website All interested parties Posted comment letters received on the Draft HEP 
to the HEA website 

4/28/2010 Meeting NMFS Reviewed comments received on the Draft HEP and 
status of activities performed to date to begin 
developing the Final HEP; also received an update 
from NMFS on the Upper Yuba River Actions 
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Date Venue Audience Description 

5/5/2010 Meeting Principals from NMFS 
and Licensees 

Discussed extending the time to develop the Final 
HEP by 6 months 

5/10/2010 Email HEA Signatories and 
Other Stakeholders 

Explained that comment letters received on the 
Draft HEP are posted to the HEA website, as well 
as the working spreadsheets used to determine 
contribution to the HET; also informed them that, as 
a result of comments received on the Draft HEP, the 
Licensees will be requesting an extension from 
NMFS to prepare the Final HEP 

5/12/2010 Meeting NMFS Reviewed methodology used in the Draft HEP for 
estimating contribution to the HET, an update on 
actions recommended in the Draft HEP, and 
potential Upper Yuba River Actions that could 
fulfill the HEA 

5/18/2010 Letter NMFS Requested 6-month extension to develop the Final 
HEP (NMFS responded to the Licensees’ request 
via a letter dated June 1, 2010, granting the 6-month 
extension to develop the Final HEP) 

5/26/2010 Conference Call American Rivers Reviewed planned actions to be taken during the 
6-month extension and reviewed comments 
received from American Rivers on the Draft HEP 

5/26/2010 Conference Call State Water Contractors Reviewed planned actions to be taken during the 
6-month extension and reviewed comments 
received from the State Water Contractors on the 
Draft HEP 

6/2/2010 Conference Call DFG Reviewed planned actions to be taken during the 
6-month extension and reviewed comments 
received from DFG on the Draft HEP 

6/23/2010 Conference Call USFWS Reviewed planned actions to be taken during the 
6-month extension and reviewed comments 
received from USFWS on the Draft HEP 

6/29/2010 Symposium Lower Yuba River 
Symposium 

Attended the RMT’s 2nd annual symposium to learn 
about fisheries monitoring and evaluation in the 
Lower Yuba River 

6/30/2010 Meeting Corps Met with representatives from the Corps to conduct 
a field visit of Englebright Dam, Sinoro Bar, and 
Daguerre Point Dam to learn about current and 
planned restoration activities by the Corps in the 
Lower Yuba River 

7/16/2010 Meeting DFG Reviewed the proposed concept for an adaptive 
management plan related to the optional segregation 
weir component of the Lower Yuba River Actions 

7/21/2010 Meeting NMFS Reviewed methodology used in the Draft HEP for 
estimating contribution to the HET and discussed 
potential Upper Yuba River Actions that could 
fulfill the HEA 
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Date Venue Audience Description 

8/17/2010 Meeting YCWA Provided an update on the development of potential 
actions in the Lower Yuba River and discussed 
potential actions in the Upper Yuba River 

8/18/2010 Meeting RMT Provided an update on the development of potential 
actions in the Lower Yuba River and received 
feedback from the RMT on these actions based on 
ongoing studies performed by the RMT 

9/8/2010 Meeting Principals from NMFS 
and Licensees 

Discussed progress made toward developing the 
Final HEP 

9/27/2010 Conference Call DFG Reviewed comments received from DFG on the 
proposed concept for an adaptive management plan 
related to the optional segregation weir component 
of the Lower Yuba River Actions 

11/8/2010  Letter NMFS Responded to letter of non-support for the Lower 
Yuba River Actions received from American 
Rivers, Trout Unlimited, South Yuba River Citizens 
League, and the Federation of Fly Fishers  

Notes: 

Corps U.S. Army Corps of Engineers 

DFG California Department of Fish and Game 

EPA U.S. Environmental Protection Agency 

HEA Habitat Expansion Agreement 

HEP Habitat Expansion Plan 

HET Habitat Expansion Threshold 

NMFS National Marine Fisheries Service 

RMT Yuba River Management Team 

USFWS U.S. Fish and Wildlife Service 

YCWA Yuba County Water Agency 

C.1 HEA Website 

The Licensees established a website early in the process to share information 
related to the HEA.  The following documents are currently available on the 
website:   

 the HEA,  

 the first annual HEA status report,  

 the draft Work Plan, 

 the Draft HEP,  

 the Final HEP, 

 worksheets used to estimate contribution to the HET for the Draft and Final 
HEP,  

 presentations from meetings with the HEA signatories and other 
stakeholders, and 

 correspondence and completed HEA questionnaires received from the 
signatories. 
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During development of the Draft HEP, the website also offered instructions and 
forms for the HEA signatories and other stakeholders to submit actions for 
consideration in the HEP.  Specifically, a questionnaire was made available for 
the HEA signatories and other stakeholders to complete and submit potential 
habitat expansion actions to the Licensees for consideration under the HEA.   The 
22 questionnaires that were received by the Licensees during preparation of the 
Draft HEP and one questionnaire received during preparation of the Final HEP 
are posted on the HEA website.  

The Licensees updated information on the HEA website during development of 
the Draft and Final HEP, and will continue to update the website during all 
phases of the HEA, in an effort to inform signatories to the HEA and other 
stakeholders of recent developments.   

C.2 Outreach to Signatories to the HEA 

The Licensees actively reached out to the signatories to the HEA directly and 
through various venues.  Some of the outreach activities that the Licensees 
arranged or participated in are described below. 

C.2.1 Consultation with NMFS 

The Licensees consulted2 with NMFS throughout the development of the Draft 
and Final HEP.  The Licensees communicated with NMFS periodically through 
emails and informal phone calls to keep NMFS informed on progress toward 
fulfilling the HEA, and to seek guidance on various HEA-related issues and how 
those issues should be reflected in the HEP.  

The Licensees also scheduled meetings with NMFS periodically to discuss the 
HEA.  Meetings included 

 two conference calls and five face-to-face meetings with NMFS staff, and 

 three conference calls/meetings with the principals from NMFS and the 
Licensees. 

In May 2010, the Licensees also submitted a letter to the principals from NMFS 
requesting to extend the time needed to develop the Final HEP.  The purpose for 
each consultation is described below. 

                                                      
2 According to the definitions presented in Section 1.1 of the HEA, “consultation” means the act of conferring 

and is distinct from the term “consultation” under the ESA. 
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C.2.1.1 Consultation with NMFS Staff 

April 2008 Conference Call 

On April 30, 2008, the Licensees participated in a conference call with 
representatives from NMFS to: 

 provide NMFS with an update on the Licensees’s efforts on implementing 
the HEA; 

 identify which branch from NMFS to work with regarding the NMFS 
Approval Criteria identified in the HEA; 

 obtain feedback from NMFS on the idea of soliciting proposals as a means of 
identifying potential actions; 

 receive feedback from NMFS on the compilation of appropriate actions from 
the PG&E/California Trout, Inc. (CalTrout) effort to prioritize Central Valley 
anadromous salmonid recovery actions (described below), and how this 
process could be integrated with the NMFS Co-Manager Review Draft 
Recovery Plan for the Evolutionarily Significant Units of Sacramento River 
Winter-Run Chinook Salmon and Central Valley Spring-Run Chinook 
Salmon and the Distinct Population Segment of Central Valley Steelhead 
(Co-Manager Review Draft Recovery Plan); and 

 obtain input on how the Licensees could integrate the HEA process with 
other recovery planning efforts, such as the USFWS Anadromous Fish 
Restoration Program (AFRP) and the CALFED Ecosystem Restoration 
Program. 

August 2008 Meeting 

On August 20, 2008, the Licensees met with NMFS and discussed the following 
topics: 

 the Steering Committee’s presentation at the July 10, 2008 Spring-Run 
Chinook Salmon Symposium sponsored by the Salmonid Restoration 
Federation, 

 the draft Work Plan for fulfilling the HEA and efforts to date, 

 application of the HEA criteria to the PG&E/CalTrout Prioritized Actions 
Contributing to Salmon and Steelhead Recovery Project list of prioritized 
actions, 

 availability and use of the NMFS Co-Manager Review Draft Recovery Plan, 

 methodologies for determining contribution of actions to the HET, and 

 coordination with the HEA signatories. 
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April 2009 Meeting 

On April 8, 2009, the Licensees met with NMFS to review: 

 the framework for evaluating and selecting habitat expansion actions;  

 Working Definitions of the Evaluation, Selection, and Approval Criteria;  

 methodologies for determining contribution to the HET; and 

 the list of potential habitat expansion actions. 

On this day, the Licensees also first learned about NMFS’ recommendation to 
consider the Upper Yuba River Actions. 

May 2009 Conference Call 

On May 28, 2009, the Licensees held a conference call with NMFS to discuss the 
following topics: 

 NMFS review and comments on HEA documents, including the HEP 
timeline; HEA conceptual framework; and Working Definitions of the 
Evaluation, Selection, and Approval Criteria; 

 the approach for applying the HEA Evaluation Criteria; 

 the Working List of Potential Actions; and 

 recommendations for determining contribution to the HET. 

April 2010 Meeting 

On April 28, 2010, the Licensees met with NMFS to review the following topics: 

 comments received on the Draft HEP;  

 update on the Draft HEP recommended actions (i.e., the Lower Yuba River 
Actions and Three-Creek Actions); 

 strategy to develop the Final HEP; 

 update from NMFS on the Upper Yuba River actions; 

 terms of the HEA and identification of significant differences in 
interpretation of the HEA; 

 objectives and goals for the next meeting of the principals from NMFS and 
the Licensees on May 5, 2010; and  

 outreach with the HEA signatories and other stakeholders related to the 
6-month extension to prepare the Final HEP.  



California Department of Water Resources and 
Pacific Gas and Electric Company 

 Appendix C.  Outreach Activities

 

 
Habitat Expansion Agreement 
Final Habitat Expansion Plan  

 
C-9 

November 2010

ICF 00854.08

 

May 2010 Meeting 

On May 12, 2010, the Licensees met with NMFS.  The purposes of the meeting 
were primarily to: 

 review the methodology used in the Draft HEP for estimating contribution to 
the HET, 

 discuss subsequent refinements to the method,  

 provide an update on the actions recommended in the Draft HEP, and  

 discuss potential actions in the Upper Yuba River that could fulfill the 
requirements of the HEA. 

July 2010 Meeting 

On July 21, 2010, the Licensees met with NMFS.  The purposes of the meeting 
were primarily to: 

 review again the method used in the Draft HEP for estimating contribution to 
the HET with an extended audience from NFMS technical staff,  

 review results of a report prepared for the Steering Committee by 
Dr. Gregory B. Pasternack3, in which Dr. Pasternack independently estimated 
the contribution to the HET from a recommended action, and  

 discuss potential actions in the Upper Yuba River that could fulfill the 
requirements of the HEA.  NMFS had submitted an HEA questionnaire on 
June 29, 2010, describing salmon reintroduction options in the Upper Yuba 
River watershed. 

C.2.1.2 Consultation with NMFS Principals 

November 2009 Conference Call 

On November 6, 2009, the principals from NMFS (regional director) and each of 
the Licensees (deputy director [DWR] and vice-president [PG&E]) participated 
in a conference call to discuss eligibility of actions under the HEA.  No decision 
was made during the meeting regarding eligibility of the recommended actions 
under the HEA.   

                                                      
3 Gregory B. Pasternack, PhD, M.ASCE is a professor of watershed hydrology and geomorphology at the University 
of California, Davis.  Dr. Pasternack has been involved with the Lower Yuba River for several years prior to the 
HEA; his expertise as a geomorphologist with specialized knowledge of the Lower Yuba River is broadly 
acknowledged.  From 2003 to 2008, Dr. Pasternack was funded by the Anadromous Fish Restoration Program 
(AFRP) to study flow and habitat relationships, and how these relationships affect fish production processes in the 
stream.  Dr. Pasternack presented his report Estimate of the Number of Spring-Run Chinook Salmon That Could Be 
Supported by Spawning Habitat Rehabilitation at Sinoro Bar on the Lower Yuba River to NMFS during the Steering 
Committee’s meeting with NMFS on July 21, 2010. 



California Department of Water Resources and 
Pacific Gas and Electric Company 

 Appendix C.  Outreach Activities

 

 
Habitat Expansion Agreement 
Final Habitat Expansion Plan  

 
C-10 

November 2010

ICF 00854.08

 

May 2010 Meeting 

On May 5, 2010, the principals from NMFS (regional director) and each of the 
Licensees (deputy director [DWR] and vice-president [PG&E]) participated in a 
status meeting regarding development of the Final HEP and a request to extend 
the time to complete the Final HEP by 6 months.   

Six-Month Extension Request  

On May 18, 2010, the Licensees submitted a letter to NMFS requesting a 
6-month extension of time to prepare the Final HEP.  NMFS had submitted 
extensive comments on the Draft HEP in a letter dated February 18, 2010.  
Comments included a recommendation for a formal time extension of 6 months 
to complete the Final HEP (1) to allow NMFS time to confer with the Licensees 
and other parties regarding its opinion that the Draft HEP was deficient; and (2) 
to allow NMFS to introduce new information and another alternative that NMFS 
believed would meet the requirements of the HEA.  Section 5 of the HEA allows 
for the Licensees or NMFS to request an extension of time from each other to 
achieve the deadlines specified in the HEA.  Section 5 further states that the 
request shall be granted if good cause exists.  Although the Licensees did not 
agree with several comments and conclusions presented in NMFS’ comment 
letter, the Licensees did agree that an extension of time was necessary (1) to 
address the comments received on the Draft HEP; and (2) to work toward 
developing a Final HEP that NMFS could approve. 

In a letter dated June 1, 2010, NMFS confirmed that the requested extension was 
granted in accordance with Section 5 of the HEA.   

September 2010 Meeting 

On September 8, 2010, the principals from NMFS (regional director) and each of 
the Licensees (deputy director [DWR] and vice-president [PG&E]) participated 
in a meeting to discuss progress toward developing the Final HEP.   

C.2.2 Consultation with HEA Signatories  

The Licensees consulted with the HEA signatories throughout development of 
the Draft and Final HEP.  The Licensees communicated with the HEA 
signatories periodically through letters, meetings, and conference calls.  Each is 
described in the following sections. 
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C.2.2.1 Letters to HEA Signatories 

On October 28, 2008, the Licensees sent a letter to the HEA signatories, to 
provide them with an update on implementation of the HEA and to initiate 
contact with staff from the various HEA parties in order to obtain additional 
contacts for, and information on, potential habitat expansion actions. 

On May 13, 2009, the Licensees replied to a February 27, 2009 letter from Steve 
Rothert of American Rivers, requesting that documents in development be posted 
to the HEA website.  The letter informed Mr. Rothert of draft work products that 
had been posted on the website and ongoing outreach efforts to signatories and 
other stakeholders. 

C.2.2.2 Meetings with HEA Signatories during 
Development of the Draft HEP 

The Steering Committee first met with the signatories to the HEA in January 
2009 to solicit information on potential habitat expansion actions, identify 
contact persons for additional follow-up on potential actions, facilitate the receipt 
of completed questionnaires (see discussion below), and obtain a common 
understanding of the HEA criteria.  Three meetings, which were divided by 
watersheds within the Sacramento River Basin, took place on: 

 January 14, 2009, in Chico, California, focusing on potential actions in the 
central Sacramento River Basin watersheds; 

 January 21, 2009, in Red Bluff, California, focusing on potential actions in 
the northern Sacramento River Basin watersheds; and  

 January 28, 2009, in Sacramento, California, focusing on potential actions in 
the southern Sacramento River Basin watersheds. 

In particular, the Steering Committee requested that the HEA signatories provide 
input on the Draft Working List of Potential Habitat Expansion Actions.  The 
signatories to the HEA also were asked to submit information on actions to be 
considered for the HEP by completing an HEA comment form or questionnaire.  

Additional meetings held in June, August, and October 2009 with the HEA 
signatories and other stakeholders are described below under “Communication 
with Both HEA Signatories and Other Stakeholders.”  

C.2.2.3 Conference Calls with HEA Signatories 
during Development of the Final HEP 

In May and June 2010, the Steering Committee held conference calls with 
representatives of each of the HEA signatories to inform them of the planned 
actions to be undertaken during the 6-month extension, update them on new 
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information received since the Draft HEP was issued, and request any available 
updates.  The Steering Committee also reviewed the comments received on the 
Draft HEP from each respective party.   Meetings were held with the following 
signatories: 

 American Rivers on May 26, 2010; 

 State Water Contractors on May 26, 2010;  

 DFG on June 2, 2010; and 

 USFWS on June 23, 2010. 

The Licensees also asked each of the HEA signatories whether there was interest 
in meeting with all stakeholders or whether they were sufficiently informed on 
the plan for the extension.  None of the HEA signatories expressed interest in a 
group meeting. 

C.3 Outreach to Other Stakeholders 

Stakeholder input and public support are critical to successful implementation of 
the actions proposed in the Final HEP.  The Licensees worked closely with and 
sought input from other stakeholders, including local Resource Conservation 
Districts (RCDs) and watershed groups to identify potential actions that could 
qualify under the HEA.   

During development of the Draft HEP, the Steering Committee contacted County 
Supervisors, local RCDs, and watershed groups in the Sacramento River Basin to 
obtain their input on potential habitat expansion actions to be considered in the 
Draft HEP.  The various means that the Steering Committee reached out to other 
stakeholders are described below. 

 On March 6, 2009, the Steering Committee sent a letter to stakeholders 
informing them about the opportunity for funding spring-run Chinook 
salmon and steelhead restoration actions and soliciting their feedback on the 
development of potential habitat expansion actions for the HEP. 

 On March 10, 2009, the Steering Committee posted a new page on the HEA 
website providing stakeholders with instructions on how to provide input on 
potential habitat expansion actions by completing a questionnaire. 

 During April through September 2009, the Steering Committee contacted 
individual RCDs and watershed groups via personal communication, offering 
information on the HEA and informing the stakeholders on how to provide 
input on potential habitat actions. 

During development of the Final HEP, NMFS received a letter of non-support for 
the Lower Yuba River Actions presented in the Draft HEP from American 
Rivers, Trout Unlimited, South Yuba River Citizens League, and the Federation 
of Fly Fishers dated September 7, 2010.  The letter claimed that the Lower Yuba 
River Actions did not meet at least three of the NMFS Approval Criteria 
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identified in the HEA (Section 4.2.3[c], [d], and [e] of the HEA), especially with 
respect to the eligibility of the Lower Yuba River Actions under the HEA.  The 
Licensees responded to this letter, explaining the status of the Final HEP and 
further development of the Lower Yuba River Actions.  The letter was sent 
before release of the Final HEP in November 2010.  The response letter also 
stated that the Lower Yuba River Actions as presented in the Draft HEP were 
eligible under the HEA and did meet the NMFS Approval Criteria. 

C.4 Communication with Both HEA Signatories and 
Other Stakeholders 

The Steering Committee held several meetings with the HEA signatories and 
other stakeholders to provide them with an update on the status of the HEA 
process throughout development of the Draft and Final HEP.  The following 
status meetings with HEA signatories and other stakeholders took place during 
development of the Draft HEP: 

 On June 15, 2009, to inform them about the updated Working List of 
Potential Actions that was being considered for the HEP.  The Steering 
Committee asked the HEA signatories and other stakeholders to provide 
feedback on the approach for applying the HEA criteria and quantification 
methods to determine contribution to the HET.  Comments were received 
from DFG, USFWS, and American Rivers. 

 On August 12, 2009, to review the revised approach for applying the HEA 
criteria and to present the Ranked Preliminary List of Viable Actions.  The 
Steering Committee asked that the HEA signatories and other stakeholders 
provide comments on the revised approach for applying the HEA Evaluation 
Criteria and on the Ranked Preliminary List of Viable Actions.  No written 
comments were received. 

 On October 15, 2009, to present the List of Viable Actions, the method for 
determining contribution to the HET, and the actions under consideration for 
the Draft HEP.  The Steering Committee asked the HEA signatories and 
other stakeholders to provide feedback on the approach for applying the HEA 
criteria and quantification methods to determine contribution to the HET.  
Comments were received from American Rivers and NMFS. 

During development of the Final HEP, the Licensees sent an email message on 
May 10, 2010, updating the HEA signatories and other stakeholders on the status 
of development of the Final HEP.  The email announced that comments received 
on the Draft HEP were posted to the HEA website and that the spreadsheets used 
to estimate the contribution to the HET cited in the Draft HEP (i.e., Chapter 4 
and Appendix E) were posted to the HEA website.  The email informed the HEA 
signatories and the other stakeholders that, as a result of comments received on 
the Draft HEP, the Licensees would formally request an extension from NMFS to 
prepare the Final HEP.  The Licensees also thanked the HEA signatories and 
other stakeholders for their participation and support throughout the HEA 
process. 
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C.5 Communication on Specific Habitat Expansion 
Actions 

During development of the Draft and Final HEP, the Licensees coordinated with 
the HEA signatories regarding the various habitat expansion actions that were 
evaluated in the Draft HEP and recommended in the Final HEP.  This 
coordination effort is described below. 

C.5.1 Development of the Draft HEP 

The Steering Committee communicated through meetings, emails, and informal 
phone calls with HEA signatories and other stakeholders in targeted watersheds 
to further develop the habitat expansion actions considered in the Draft HEP.  
During preparation of the Draft HEP, the Steering Committee coordinated 
specifically with the following groups: 

 Chico State University (CSU), Chico Research Foundation, and DFG 
regarding rehabilitation of the Iron Canyon Fish Ladder on Big Chico Creek; 

 DFG and the RMT regarding potential habitat expansion actions proposed 
for the Lower Yuba River; 

 Deer Creek Watershed Conservancy regarding supplementing flows, 
improving fish passage, and rehabilitating floodplain habitat on Deer Creek;  

 Mill Creek Management Team (members include Mill Creek Conservancy, 
DFG, DWR, and Los Molinos Mutual Water Company) regarding the 
development of dedicated instream flows for Mill Creek; and 

 USFWS, AFRP, and DFG regarding construction of a bridge at Paynes 
Crossing on Antelope Creek. 

C.5.2 Development of the Final HEP 

During preparation of the Final HEP, the Licensees maintained communication 
with individuals involved with the Three-Creek Actions to remain informed 
about the status of funding for those actions.   

In addition, the Licensees participated in the following meetings to further 
develop the Lower Yuba River Actions: 

 Conducted a field visit on June 30, 2010, with representatives from the Corps 
to Englebright Dam, Sinoro Bar, and Daguerre Point Dam to obtain an 
overview of current and planned restoration activities by the Corps in the 
Lower Yuba River. 

 Met with DFG on July 16 and September 27, 2010, to review a proposed 
concept for an adaptive management plan related to the optional segregation 



California Department of Water Resources and 
Pacific Gas and Electric Company 

 Appendix C.  Outreach Activities

 

 
Habitat Expansion Agreement 
Final Habitat Expansion Plan  

 
C-15 

November 2010

ICF 00854.08

 

weir component and to seek their input.  A copy of the conceptual plan is 
included in Appendix J of the Final HEP. 

 Met with the Yuba County Water Agency (YCWA) on August 17, 2010, to 
provide an update on development of potential actions in the Lower Yuba 
River and to discuss potential actions in the Upper Yuba River. 

 Met with the RMT on August 18, 2010, to update them on the Lower Yuba 
River Actions.  The RMT is charged with implementing a detailed study 
program for the Lower Yuba River, as specified in the Lower Yuba River 
Accord (Yuba Accord).  The meeting also served as a forum for the RMT to 
provide feedback on the Lower Yuba River Actions based on ongoing studies 
by the RMT.  The draft cbec, inc. eco engineering report (2010) prepared for 
SYRCL, Rehabilitation Concepts for the Parks Bar to Hammon Bar Reach 
of the Lower Yuba River, also was discussed at the meeting. 

C.6 Coordination with Landowners  

After submittal of the Draft HEP, the Licensees continued outreach efforts to 
other stakeholders, and especially the landowners.  The Licensees sent a letter 
and copy of the Draft HEP to landowners in the vicinity of the Lower Yuba River 
Actions, informing them of the HEA and the proposed restoration efforts for 
spring-run Chinook salmon habitat.  The letter invited the landowners to 
comment on the Draft HEP and informed them of a public meeting that would be 
held for the Lower Yuba River landowners on the actions under consideration in 
their area.  The public meeting was held on January 13, 2010.   

During preparation of the Final HEP, the Licensees solicited temporary entry 
permits from private landowners for the purpose of providing an option for 
accessing Sinoro Bar and Narrows Gateway (i.e., sites for the recommended 
spawning habitat expansion actions; see Chapter 3 in the Final HEP).     

The Licensees also contacted Western Aggregates, owners of several parcels 
along the floodplain of the Yuba River downstream of the Highway 20 Bridge, to 
discuss partnership opportunities and access for restoration activities. 

C.7 Presentations at Symposia and Meetings 

C.7.1 Salmonid Restoration Federation’s Spring-
Run Chinook Salmon Symposium  

On July 10, 2008, the Steering Committee gave a presentation on the HEA and 
participated in a panel discussion on habitat expansion opportunities for spring-
run Chinook salmon at the Salmonid Restoration Federation’s Spring-Run 
Chinook Salmon Symposium held in Nevada City, California.  The presentation 
is available on the HEA website. 
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C.7.2 Agency Partnering Meetings 

On December 5, 2008, the Steering Committee attended the 16th Partnering 
Session of USFWS, NMFS, the Corps, the U.S. Environmental Protection 
Agency, and DFG to make a presentation on the HEA.  This meeting provided 
the opportunity to inform the managers of these agencies about the HEA and the 
progress made to date. 

C.7.3 Lower Yuba River Symposium  

On July 7, 2009, the Steering Committee attended the Lower Yuba River 
Symposium, which provided an update on fisheries monitoring activities being 
conducted by the RMT.  The Steering Committee had received questionnaires for 
potential actions on the Lower Yuba River, and attendance at this meeting 
brought about a better understanding of the Lower Yuba River Accord and the 
monitoring being conducted on the Lower Yuba River.  It also gave the members 
of the Steering Committee the opportunity to meet with members of the RMT to 
discuss potential habitat expansion actions on the Lower Yuba River.  

On June 29, 2010, the Steering Committee attended the RMT’s 2nd Annual 
Lower Yuba River Symposium on Fisheries Monitoring and Evaluation in the 
Lower Yuba River.  The symposium was attended by representatives of the 
resource agencies and other stakeholders engaged in implementation of the Yuba 
Accord.  The Yuba Accord provides for $5.5 million through 2016, primarily for 
monitoring and evaluation of Lower Yuba River fisheries and habitat.  The 
symposium serves as its public review of the results of their monitoring and 
evaluation efforts. 

C.8 Summary 

Since the signing of the HEA, the Licensees have been actively reaching out to 
NMFS, the HEA signatories, and other stakeholders (including landowners), 
requesting their input throughout development of the Draft and Final HEP.  The 
Licensees will continue coordination with the resource agencies, HEA 
signatories, landowners, and other stakeholders through completion of their 
responsibilities under the HEA.  
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Habitat Expansion Agreement 

for 

Central Valley Spring‐Run Chinook Salmon and  
California Central Valley Steelhead 

Questionnaire Instructions 
The attached questionnaire is intended to solicit information needed by the Steering Committee to review projects 
relative to the criteria established in the Habitat Expansion Agreement.  For each proposed action (project), please 
complete the questionnaire to the fullest extent possible.  Please provide citations where applicable and provide a 
full reference for each citation at the end of this questionnaire (Section X.  Supporting Documents).  Specific 
instructions follow. 

I.  Contact Information 
Provide the name of the agency or group making the proposal as well as a contact person for the project.  Include 
contact information such as mailing address, phone number, and email address. 

II.  Project Description 
Provide a descriptive name for the action (project).  If the action is listed in the Working List of Potential Habitat 
Expansion Actions (provided during the January 2009 meetings of HEA parties), please include the reference 
number associated with the action.  The project location should specify the watershed or subwatershed (e.g., Deer 
Creek, Beegum Creek) as well as specific areas within the watershed where the project will be located and what 
portions of the watershed will benefit from the project.  Please include geographic coordinates of the project 
location(s), if applicable.  The project description should be a narrative that provides as much detail as possible 
about the project. 

III.  Species Limiting Factors 
In this section, indicate the factors that currently limit production of spring-run Chinook salmon and/or steelhead in 
your watershed.  The intent is that the environmental and biological objectives of your project address these limiting 
factors in some way.  Please check one or more of the limiting factors that apply to your watershed.  In the second 
column, describe how and where the factor limits spring-run Chinook salmon and/or steelhead.  For each factor that 
you check, please rank its effect on spring-run Chinook salmon and/or steelhead using the drop-down box in the last 
column.  Finally, we also ask that you describe the source of your conclusions, such as a watershed assessment or 
other document.  Please provide enough information that we can find the document if we need it. 

IV.  Project Objectives—Environmental  
Environmental objectives describe how the project is intended to address the limiting factors to achieve the 
biological objective described in the next section.  Environmental objectives should be as specific and quantitative 
as possible (e.g., reduce gravel embeddedness in the watershed from 75% to 25% by fencing riparian areas to 
exclude cattle and allow riparian forest to reestablish).  Describe how you think environmental objectives relate 
specifically to the biological objectives.  In the last column, we ask you to describe the environmental objectives as 
either the primary or secondary focus of the project.  For example, a project to plant trees might have a primary 
focus on riparian/floodplain function with a secondary focus on temperature or water quality. 
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V.  Project Objectives—Biological  
Biological objectives describe the anticipated biological response from the project and should be as quantitative as 
possible.  Indicate which species and life stages are the focus of the project.  Describe specifically the general 
condition of the target species in your watershed relative to the historical abundance.  The condition of the species 
should be indicated using the categories in the drop-down box.  Species condition categories are defined on the last 
page of this form.  Biological objectives should include the following information:  (1) an estimate of the expected 
contribution of the project in terms of potential adult returns, to the extent possible (and an explanation of how the 
estimate was developed); and (2) an explanation of how the biological objective for the species is addressed by the 
action relative to the environmental limiting factors (e.g., the biological objective of an action might be to increase 
egg incubation survival in a watershed that is currently limited by sediment levels). 

VI.  Project Cost 
To the extent possible, estimate the capital cost of the project, the annual operating and maintenance (O&M) cost, a 
description of annual O&M activities, and the project lifetime (i.e., how many years O&M activities are expected, 
including indefinitely, and how long until you expect the project to provide benefits).  Provide any confirmed or 
potential funding partners, or opportunities for cost sharing with other funders or between projects.  Also, identify 
any confirmed or potential partners that might provide maintenance support for the project (funding support or labor 
support). 

VII.  Schedule 
Describe the project schedule, including a potential start date, construction period, and environmental and biological 
response times (i.e., the expected time to realize environmental and biological benefits).  The last points refer to the 
maturation period for the project during which time environmental conditions develop.  For example, it may take 
50–100 years before full environmental benefits (e.g., shading, channel stability, water quality) of planting riparian 
trees are realized.   

VIII.  Feasibility 
Describe the feasibility and challenges of the project.  Feasibility issues should include primarily technical issues, 
success of projects utilizing similar technology, and particular challenges posed by the specific project.  Other issues 
of feasibility that may be included are challenges associated with property ownership, permitting, zoning, and other 
social-economic-legal issues. 

IX.  Project Support 
Describe the support or potential conflicts associated with the project.  Specifically, provide supporting and 
cooperating entities (e.g., agencies, non-governmental organizations).  Are there cooperating agencies or groups, 
aside from the potential funding partners mentioned previously?  Describe the degree of local support and any 
known opposition or conflicts with other parties. 

X.  Supporting Documents 
Provide full references for each citation used to support the information presented in this questionnaire for your 
project.  At a minimum, a reference should include the author(s) name; name of agency/organization (if applicable); 
title of the document; volume and title of journal, if the document is taken from a professional journal; and 
publisher, date, and location of publication. 
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Questionnaire 

for  

Information on Potential Projects to Support Spring‐Run  
Chinook Salmon and Steelhead in the Sacramento River  

Basin for the Habitat Expansion Agreement 

DUE:  Friday, February 27, 2009 

Send completed questionnaires to hea@water.ca.gov 
 

I.  Contact Information 
Name:   Gary Reedy 

Organization:   South Yuba River Citizens League (SYRCL) 

Address:   216 Main Street 

 

City, State, Zip Code:   Nevada City, CA  95959 

Phone Number:   (530) 265-5961 ext 208 

Email Address:   gary@syrcl.org 

 

II.  Project Description 
Project Name:   Backwater, Side-channel, and Riparian/Floodplain Habitat Restoration in the lower 

Yuba River 

Reference No. or New:   New 

Project Location:   Yuba River downstream of Englebright Dam  

Project Description: 

At present, a pre-project assessment is being conducted to inform opportunities for juvenile salmonid habitat 
enhancements (including  a pilot riparian revegetation project) at Hammon Bar on the lower Yuba River.  The pre-
project assessment is addressing the geomorphic, hydrologic, and biotic factors influencing riparian recruitment, 
growth, and survival in the project area.  Current work includes a public outreach component to inform nearby 
landowners, concerned stakeholders, and watershed groups about the proposed pilot project. 
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II.  Project Description 
 

We want to expand the current work to evaluate conditions along approximately 3 additional river miles of Western 
Aggregates land recently placed under conservation easement in agreement with SYRCL downstream of Hammon 
Bar.  Using what we learn from the pre-project assessment and pilot project, we intend to implement large-scale 
restoration in the Yuba River by creating and restoring backwater, side-channel, and riparian/floodplain habitat in 
the lower Yuba River. 

 

III.  Species Limiting Factors 
In this section, describe the limiting factors for spring­run Chinook salmon and steelhead in your 
watershed.  The last page of this questionnaire defines the limiting factors. 

Limiting Factors  Description (from back page)  Rank 

 Channel Form The Yuba River in California’s Central Valley was severely 
degraded by hydraulic and dredger mining, primarily from the mid-
19th through mid-20th century.  In the Yuba Goldfields reach of 
the Lower Yuba River, dredger tailings confine the river channel 
along much of its length, and shaded riverine aquatic habitat, 
riparian habitat, and floodplain inundation are limited. The 
resulting reduction in aquatic habitat complexity and diversity has 
been identified as a limiting factor to salmonid populations, and 
adversely affects rearing salmonids in particular. 

    High     

 Channel Unit Types       Select Rank 

 Substrate       Select Rank 

 Structure The Yuba River in California’s Central Valley was severely 
degraded by hydraulic and dredger mining, primarily from the mid-
19th through mid-20th century.  In the Yuba Goldfields reach of 
the Lower Yuba River, dredger tailings confine the river channel 
along much of its length, and shaded riverine aquatic habitat, 
riparian habitat, and floodplain inundation are limited. The 
resulting reduction in aquatic habitat complexity and diversity has 
been identified as a limiting factor to salmonid populations, and 
adversely affects rearing salmonids in particular. 

    High     

 Flow       Select Rank 

 Temperature       Select Rank 

 Water Quality       Select Rank 

 Passage       Select Rank 

 Riparian/Floodplain The Yuba River in California’s Central Valley was severely 
degraded by hydraulic and dredger mining, primarily from the mid-
19th through mid-20th century.  In the Yuba Goldfields reach of 
the Lower Yuba River, dredger tailings confine the river channel 
along much of its length, and shaded riverine aquatic habitat, 
riparian habitat, and floodplain inundation are limited. The 
resulting reduction in aquatic habitat complexity and diversity has 

    High     
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III.  Species Limiting Factors 
been identified as a limiting factor to salmonid populations, and 
adversely affects rearing salmonids in particular. 

Source Documents: 

CVPIA 10-year Implementation Plan 

Additional Notes: 

      

 

IV.  Project Objectives—Environmental 
In this section, describe how your project will affect one or more of the limiting factors for spring­run 
Chinook salmon or steelhead described above. 

Limiting Factor  Description and Objective  Focus 

 Channel Form Create/restore 5 acres of new backwater or side-channel habitat for 
rearing juvenile salmonids. 

    Primary     

 Channel Unit Types       Select Focus 

 Substrate       Select Focus 

 Structure Create/restore 5 acres of new backwater or side-channel habitat for 
rearing juvenile salmonids, as above.  Installation of instream woody 
material may be used to provide structure. 

    Primary     

 Flow       Select Focus 

 Temperature       Select Focus 

 Water Quality       Select Focus 

 Passage       Select Focus 

 Riparian/Floodplain Create/restore 50 acres of new riparian/floodplain habitat for rearing 
juvenile salmonids. 

    Primary     

 



Page 6 of 10 

V.  Project Objectives—Biological 
In this section, describe the objective(s) of your project relative to the goal of providing habitat for 
spring­run Chinook salmon and steelhead.  Indicate the species and life stage that are targeted by the 
project.  (It is okay to have more than one species/life stage target). 

Target Species:   Spring-Run Chinook Salmon Population Status 
Specific to Watershed: 

    Decreasing 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration   Adult Holding 

Description of Project Objectives: 

Increase habitat complexity (e.g., create/restore backwater and side-channel habitat, physical structure, shaded 
rivierine aquatic, riparian, and floodplain habitat) to provide for increased growth, protection from predators, and 
overall increased survival of juvenile salmonids. 
 

Target Species:   Steelhead Population Status 
Specific to Watershed: 

    Decreasing 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration 

Description of Project Objectives: 

Increase habitat complexity (e.g., create/restore backwater and side-channel habitat, physical structure, shaded 
rivierine aquatic, riparian, and floodplain habitat) to provide for increased growth, protection from predators, and 
overall increased survival of juvenile salmonids. 

 

VI.  Project Cost 
Capital Cost:   $2M 

Annual Operation and 
Maintenance Cost: 

 $20K 

Annual Operation and 
Maintenance Description: 

 Ongoing gravel/riparian augmentation and instream woody material installation 

Project Lifespan:   30 years 

Project Partners 
(Funding): 

 Corps of Engineers, Western Aggregates, PG&E, USFWS Anadromous Fish 
Restoration Program  

Project Partners 
(Maintenance): 

 Corps of Engineers, South Yuba River Citizens League 
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VII.  Schedule 
Proposed Start:   2009 

Expected Time to 
Completion: 

 2019 

Expected Time to Realize 
Environmental Benefits: 

 2011; full environmental benefits realized in 2019 

Expected Time to Realize 
Biological Benefits: 

 2011; full environmental benefits realized in 2019 

 

VIII.  Feasibility 
Technical Feasibility:   Pre-project assessment is underway; pilot project soon to be underway; design 

plans are needed and permits will need to be obtained. 

Technical Challenges:   The Yuba River can be a very active river channel 

Related Projects:   Other easements and publically-owned land are likely to become available for 
habitat restoration projects on the Yuba River. 

Ownership or Permitting 
Challenges: 

 None 

Conflicts with Cultural, 
Zoning, or Other Issues: 

 None 

 

IX.  Project Support 
Supporting Entities:   SYRCL, FWS 

Cooperating Entities:   DFG and NMFS 

Degree of Local Support:   SYRCL has been conducting outreach activities to inform the public about this 
project 

Known Opposition:   Corps of Engineers commitment to project is unknown. 

 

X.  Supporting Documents 
Please provide a full reference for each citation used to support the information presented in this 
questionnaire. 
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X.  Supporting Documents 
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Definitions of Limiting Factors for Spring­Run Chinook Salmon and Steelhead 
Channel Form 
This attribute describes changes to the channel, including incision, aggradation, diking, armoring, and other 
modifications of the channel adversely affecting spring-run Chinook salmon and steelhead. 

Channel Unit Types 
Examples of geomorphic features of the channel that form habitat types for spring-run Chinook salmon and 
steelhead are pools, riffles, glides, and runs.  This attribute describes changes in the frequency and size of such 
features.  For example, removal of large wood may reduce the frequency of pools, presence of steps, or retention of 
gravel for riffles. 

Substrate 
This attribute describes changes in the composition of the substrate of the stream, including increase in fine 
sediment and lack of gravel recruitment. 

Structure 
This attribute describes the loss of structural elements in the stream such as large wood, boulders, undercut banks, 
and so on.  Loss of structure results in a simplification of the channel and influences Channel Form and Channel 
Unit Types. 

Flow 
This attribute addresses modification of the flow regime, including decrease in summer low flow, increased 
“flashiness,” and dewatering of the channel as a result of withdrawals. 

Temperature 
Change in water temperature can be attributable to human actions such as removal of riparian shading.  This 
attribute describes the increase in summer water temperature and the loss of temperature refugia (springs or 
groundwater) as a result of human actions. 

Water Quality 
This attribute pertains to the input to the stream of toxins or pollutants that produce adverse impacts on spring-run 
Chinook salmon or steelhead.  This can include chemical pollutants such as fertilizer and pesticides and nutrient 
sources such as cattle and feedlots. 

Passage 
This relates to the effect of impediments to adult or juvenile migration of spring-run Chinook salmon or steelhead, 
including dams, culverts, channel dewatering, and other structural and channel modifications.  Please describe the 
location of the passage impediment and describe the extent of impediment (i.e., a complete or partial blockage to 
migration). 

Riparian/Floodplain 
This attribute describes the loss of functionality of the riparian forest/vegetation and the connection of the stream to 
the floodplain during high water and flooding. 
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Population Condition Definitions for Section V. Project Objectives—Biological 
 

Increasing 
Adult returns of the target species to the watershed have generally been increasing over the last several years; 
expectations are that the species is displaying characteristics of a rebuilding or healthy population. 
 

Stable  
Adult returns of the target species to the watershed show no clear trend over the last several years. 
 

Decreasing 
Adult returns of the target species to the watershed are declining over the last several years; the decline in abundance 
is a cause of concern and characteristic of a potentially unhealthy population. 
 

Intermittent 
Adult returns of the target species are occasionally seen in the watershed, but there is no viable or sustained 
population in the basin. 
 

Extirpated 
The population has been eliminated from the watershed although the species was present in the past. 
 

Never Present 

The species has never been known to occur in the watershed. 
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Questionnaire 

for  

Information on Potential Projects to Support Spring‐Run  
Chinook Salmon and Steelhead in the Sacramento River  

Basin for the Habitat Expansion Agreement 

DUE:  Friday, February 27, 2009 

Send completed questionnaires to hea@water.ca.gov 
 

I.  Contact Information 
Name:   Gary Reedy 

Organization:   South Yuba River Citizens League (SYRCL) 

Address:   216 Main Street 

 

City, State, Zip Code:   Nevada City, CA  95959 

Phone Number:   (530) 265-5961 ext 208 

Email Address:   gary@syrcl.org 

 

II.  Project Description 
Project Name:   Backwater, Side-channel, and Riparian/Floodplain Habitat Restoration in the lower 

Yuba River 

Reference No. or New:   New (same as submitted by FWS) 

Project Location:   Lower Yuba River in the reach from the Hwy 20 bridge down to above Daguerre 
Point Dam.   

Project Description: 

Rearing habitat for spring-run Chinook and steelhead in the Lower Yuba River is limited by a lack of habitat 
diversity and complexity owing to channel changes associated with past dredger mining activities. This project 
addresses the upper portion of the Yuba Goldfields where these habitat limitations are most conspicuous and the 
opportunities for restoration greatest. The project will build on a current AFRP-funded pilot restoration project and 
a conservation easement on Western Aggregates land to design and implement restoration of new functional 
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II.  Project Description 
floodplain habitat, off-channel rearing habitat (backwaters and side-channels), large wood structure and enhanced 
riparian.  Habitat enhancemnets will be designed to maximize extended rearing of juvenile spring-run Chinook and 
steelhead.  The full-phase project will require excavation of dredger material suitable in both volume and quality for 
use by the Army Corps of Engineers in their gravel augmentation program below Englebright Dam.  Thus, this 
project compliments the Narrows Spawning Habitat Rehabilitation project in two ways:  provision of maintenance 
gravels and enhanced rearing habitat for expanded populations of salmon and steelhead. 

 

III.  Species Limiting Factors 
In this section, describe the limiting factors for spring­run Chinook salmon and steelhead in your 
watershed.  The last page of this questionnaire defines the limiting factors. 

Limiting Factors  Description (from back page)  Rank 

 Channel Form The lower Yuba River is artifically straightened and narrowed due 
to the management of hydraulic mining debris and dredger mining 
activity. 

    High     

 Channel Unit Types       Select Rank 

 Substrate       Select Rank 

 Structure Large wood and riparian is conspicuously lacking in the Lower 
Yuba River. The technical team of fish biologists developing the 
Yuba Accord Fisheries Agreement identified lack of habitat 
complexity and diversity as one of four top stressors on Yuba River 
salmonid populations.  This stressor is particularly important for 
spring-run and steelhead whose life history involves extended 
rearing.   

    High     

 Flow       Select Rank 

 Temperature       Select Rank 

 Water Quality       Select Rank 

 Passage       Select Rank 

 Riparian/Floodplain Due to artificial channel confinement and a lack of  riparian 
vegetation, populations of rearing juvenile salmonids are limited in 
their ability to rear past spring flows and grow at high rates.  

    High     

Source Documents: 

Draft Implementation Plan for Lower Yuba River Fisheries Habitat Restoration, CVPIA 10-year Implementation 
Plan 

Additional Notes: 

The Yuba Accord provides flow schedules and temperature management which promises to minimize or adaptively 
manage the other top stressors identified for salmon and steelhead. In addition, the River Management Team is 
spending $0.5M annually in monitoring salmonid populations and habitat in a way that could provide evaluation for 
the proposed project. 
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IV.  Project Objectives—Environmental 
In this section, describe how your project will affect one or more of the limiting factors for spring­run 
Chinook salmon or steelhead described above. 

Limiting Factor  Description and Objective  Focus 

 Channel Form Create/restore a minimum of 5 acres of new backwater or side-
channel habitat for rearing juvenile salmonids. 

    Primary     

 Channel Unit Types       Select Focus 

 Substrate       Select Focus 

 Structure Install woody instream material and boulders within newly created 
backwater or side-channel habitat and at other locations in reach.. 

    Primary     

 Flow       Select Focus 

 Temperature       Select Focus 

 Water Quality       Select Focus 

 Passage       Select Focus 

 Riparian/Floodplain Create/restore 50 acres of new functional floodplain with enhanced 
riparian habitat for rearing juvenile salmonids. 

    Primary     

 

V.  Project Objectives—Biological 
In this section, describe the objective(s) of your project relative to the goal of providing habitat for 
spring­run Chinook salmon and steelhead.  Indicate the species and life stage that are targeted by the 
project.  (It is okay to have more than one species/life stage target). 

Target Species:   Spring-Run Chinook Salmon Population Status 
Specific to Watershed: 

    Decreasing 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration   Adult Holding 

Description of Project Objectives: 

Enhance rearing habitat by constructing backwater and side-channels, placing wood, planting riparian and 
engineering restored functional floodplains.  High quality rearing habitat will provide for increased growth, 
protection from predators, and overall increased survival of juvenile salmonids. 
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V.  Project Objectives—Biological 
Target Species:   Steelhead Population Status 

Specific to Watershed: 
    Decreasing 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration 

Description of Project Objectives: 

Enhance rearing habitat by constructing backwater and side-channels, placing wood, planting riparian and 
engineering restored functional floodplains.  High quality rearing habitat will provide for increased growth, 
protection from predators, and overall increased survival of juvenile salmonids. 

 

VI.  Project Cost 
Capital Cost:   $2M 

Annual Operation and 
Maintenance Cost: 

 $30K 

Annual Operation and 
Maintenance Description: 

 Riparian enhancement and monitoring will be the primary maintenance cost to 
the project.  The Corps is required to implement by 2012 a program of large 
wood supply to the lower Yuba River (NMFS 2007) 

Project Lifespan:   30 years 

Project Partners 
(Funding): 

 Corps of Engineers, Western Aggregates, BLM, PG&E, USFWS Anadromous 
Fish Restoration Program  

Project Partners 
(Maintenance): 

 Corps of Engineers, South Yuba River Citizens League 

 

VII.  Schedule 
Proposed Start:   2009 

Expected Time to 
Completion: 

 2019 

Expected Time to Realize 
Environmental Benefits: 

 2011; full environmental benefits realized in 2019 

Expected Time to Realize 
Biological Benefits: 

 2011; full environmental benefits realized in 2019 
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VIII.  Feasibility 
Technical Feasibility:   Pre-project assessment is underway, and conceptual designs available.  Design 

plans alternatives and  permits will need to be obtained.  This type of restoration 
has occurred on other large Central Valley rivers. 

Technical Challenges:   The Yuba River is an active channel with limitied flood management.  The 
factors limiting recruitment and survival of riparian are still undergoing local 
investigation and unnatural summer hydrographs may prove problematic. 

Related Projects:   Other easements and publically-owned land are likely to become available for 
habitat restoration projects on the Yuba River. This project compliments the 
Yuba Narrows Rehabilitation project by addressing limiting factors for juvenile 
rearing and providing a source for the maintenance of gravels. 

Ownership or Permitting 
Challenges: 

 Western Aggregates has made 3 miles of the south bank a conservation 
easement for the purpose of habitat restoration.  BLM manages the Hammon 
tract and is an cooperative partner.  A small tract of Army Corps land exists 
between.  Corps permits will be needed. 

Conflicts with Cultural, 
Zoning, or Other Issues: 

 None determined 

 

IX.  Project Support 
Supporting Entities:   SYRCL, FWS, BLM, Western Aggregates 

Cooperating Entities:   DFG and NMFS 

Degree of Local Support:   SYRCL has been conducting outreach activities to inform the public about this 
project and encountered a high degree of support 

Known Opposition:   None determined. 

 

X.  Supporting Documents 
Please provide a full reference for each citation used to support the information presented in this 
questionnaire. 

SYRCL (2008) A Framework for Restoration in the Lower Yuba River 

Draft Implementation Plan for Lower Yuba River Anadromous Fish Habitat Restoration. October 2005.  Lower 
Yuba River Fisheries Technical Working Group.  CD Distribution 

NMFS BiOp on Englebright and Daguerre Dams (2007) 
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Definitions of Limiting Factors for Spring­Run Chinook Salmon and Steelhead 
Channel Form 
This attribute describes changes to the channel, including incision, aggradation, diking, armoring, and other 
modifications of the channel adversely affecting spring-run Chinook salmon and steelhead. 

Channel Unit Types 
Examples of geomorphic features of the channel that form habitat types for spring-run Chinook salmon and 
steelhead are pools, riffles, glides, and runs.  This attribute describes changes in the frequency and size of such 
features.  For example, removal of large wood may reduce the frequency of pools, presence of steps, or retention of 
gravel for riffles. 

Substrate 
This attribute describes changes in the composition of the substrate of the stream, including increase in fine 
sediment and lack of gravel recruitment. 

Structure 
This attribute describes the loss of structural elements in the stream such as large wood, boulders, undercut banks, 
and so on.  Loss of structure results in a simplification of the channel and influences Channel Form and Channel 
Unit Types. 

Flow 
This attribute addresses modification of the flow regime, including decrease in summer low flow, increased 
“flashiness,” and dewatering of the channel as a result of withdrawals. 

Temperature 
Change in water temperature can be attributable to human actions such as removal of riparian shading.  This 
attribute describes the increase in summer water temperature and the loss of temperature refugia (springs or 
groundwater) as a result of human actions. 

Water Quality 
This attribute pertains to the input to the stream of toxins or pollutants that produce adverse impacts on spring-run 
Chinook salmon or steelhead.  This can include chemical pollutants such as fertilizer and pesticides and nutrient 
sources such as cattle and feedlots. 

Passage 
This relates to the effect of impediments to adult or juvenile migration of spring-run Chinook salmon or steelhead, 
including dams, culverts, channel dewatering, and other structural and channel modifications.  Please describe the 
location of the passage impediment and describe the extent of impediment (i.e., a complete or partial blockage to 
migration). 

Riparian/Floodplain 
This attribute describes the loss of functionality of the riparian forest/vegetation and the connection of the stream to 
the floodplain during high water and flooding. 
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Population Condition Definitions for Section V. Project Objectives—Biological 
 

Increasing 
Adult returns of the target species to the watershed have generally been increasing over the last several years; 
expectations are that the species is displaying characteristics of a rebuilding or healthy population. 
 

Stable  
Adult returns of the target species to the watershed show no clear trend over the last several years. 
 

Decreasing 
Adult returns of the target species to the watershed are declining over the last several years; the decline in abundance 
is a cause of concern and characteristic of a potentially unhealthy population. 
 

Intermittent 
Adult returns of the target species are occasionally seen in the watershed, but there is no viable or sustained 
population in the basin. 
 

Extirpated 
The population has been eliminated from the watershed although the species was present in the past. 
 

Never Present 

The species has never been known to occur in the watershed. 
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Questionnaire 

for  

Information on Potential Projects to Support Spring‐Run  
Chinook Salmon and Steelhead in the Sacramento River  

Basin for the Habitat Expansion Agreement 

DUE:  Friday, February 27, 2009 

Send completed questionnaires to hea@water.ca.gov 
 

I.  Contact Information 
Name:   Beth Campbell 

Organization:   USFWS 

Address:   Stockton FWO 

4001 North Wilson Way 

 

City, State, Zip Code:   Stockton, CA  95205 

Phone Number:   (209) 334-2968 ext 402 

Email Address:   elizabeth_campbell@fws.gov 

 

II.  Project Description 
Project Name:   Yuba River Narrows Habitat Enhancement 

Reference No. or New:   New 

Project Location:   Yuba River (Narrows Reach is about 10 miles upstream from Daguerre Point Dam) 

Project Description: 

Spawning gravel is abundant in much of the lower Yuba River due to continual inputs from historical mine tailings.  
In the Narrows reach where spring-run Chinook salmon hold, however, gravel augmentation is needed.  Spring-run 
chinook salmon in fact have been observed attempting to spawn on bedrock.  This project would provide for the 
removal of undesirable "shot rock" and install spawning gravel usable by spring-run Chinook salmon and steelhead. 
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III.  Species Limiting Factors 
In this section, describe the limiting factors for spring­run Chinook salmon and steelhead in your 
watershed.  The last page of this questionnaire defines the limiting factors. 

Limiting Factors  Description (from back page)  Rank 

 Channel Form       Select Rank 

 Channel Unit Types       Select Rank 

 Substrate Insufficent gravel for spawning is available in the Narrows reach of 
the Yuba River where many spring-run Chinook salmon hold and 
attempt to spawn. 

    High     

 Structure       Select Rank 

 Flow       Select Rank 

 Temperature       Select Rank 

 Water Quality       Select Rank 

 Passage       Select Rank 

 Riparian/Floodplain       Select Rank 

Source Documents: 

CVPIA 10-year Implementation Plan 

Additional Notes: 

      

 

IV.  Project Objectives—Environmental 
In this section, describe how your project will affect one or more of the limiting factors for spring­run 
Chinook salmon or steelhead described above. 

Limiting Factor  Description and Objective  Focus 

 Channel Form       Select Focus 

 Channel Unit Types       Select Focus 

 Substrate Restore 1 acre of salmonid spawning habitat in the Narrows reach of 
the Yuba River. 

    Primary     

 Structure       Select Focus 

 Flow       Select Focus 

 Temperature       Select Focus 

 Water Quality       Select Focus 

 Passage       Select Focus 
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IV.  Project Objectives—Environmental 
 Riparian/Floodplain       Select Focus 

 

V.  Project Objectives—Biological 
In this section, describe the objective(s) of your project relative to the goal of providing habitat for 
spring­run Chinook salmon and steelhead.  Indicate the species and life stage that are targeted by the 
project.  (It is okay to have more than one species/life stage target). 

Target Species:   Spring-Run Chinook Salmon Population Status 
Specific to Watershed: 

    Decreasing 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration   Adult Holding 

Description of Project Objectives: 

Increase the availability of suitable spawning habitat in the Narrows reach of the Yuba River, to provide for 
increased spawning success of spring-run Chinook salmon. 
 

Target Species:   Steelhead Population Status 
Specific to Watershed: 

    Decreasing 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration 

Description of Project Objectives: 

Increase the availability of suitable spawning habitat in the Narrows reach of the Yuba River, to provide for 
increased spawning success of steelhead. 

 

VI.  Project Cost 
Capital Cost:   $300K 

Annual Operation and 
Maintenance Cost: 

 $30K 

Annual Operation and 
Maintenance Description: 

 Ongoing gravel augmentation. 

Project Lifespan:   30 years 

Project Partners 
(Funding): 

 Corps of Engineers, PG&E 

Project Partners   Corps of Engineers 
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VI.  Project Cost 
(Maintenance): 

 

VII.  Schedule 
Proposed Start:   2010 

Expected Time to 
Completion: 

 2012 

Expected Time to Realize 
Environmental Benefits: 

 2012 

Expected Time to Realize 
Biological Benefits: 

 2012 

 

VIII.  Feasibility 
Technical Feasibility:   Design plans are needed and permits will need to be obtained. 

Technical Challenges:   The Yuba River can be a very active river channel 

Related Projects:   The Corps of Engineers is required to do this as part of the NMFS (2002) BO.  
The Corps funding requirement should be clearly identified, before being 
supplemented with HEA funds. 

Ownership or Permitting 
Challenges: 

 Easiest access to a likely site (PG&E mitigation land) is across private land, and 
landowner support has been inconsistent.  DFG is not a proponent of allowing 
heavy equipment into the stream channel. 

Conflicts with Cultural, 
Zoning, or Other Issues: 

 None 

 

IX.  Project Support 
Supporting Entities:   FWS and NMFS 

Cooperating Entities:   DFG 

Degree of Local Support:   Yuba County Resource Conservation District is a proponent of this project. 

Known Opposition:   See ownership or permitting challenges, above. 
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X.  Supporting Documents 
Please provide a full reference for each citation used to support the information presented in this 
questionnaire. 
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Definitions of Limiting Factors for Spring­Run Chinook Salmon and Steelhead 
Channel Form 
This attribute describes changes to the channel, including incision, aggradation, diking, armoring, and other 
modifications of the channel adversely affecting spring-run Chinook salmon and steelhead. 

Channel Unit Types 
Examples of geomorphic features of the channel that form habitat types for spring-run Chinook salmon and 
steelhead are pools, riffles, glides, and runs.  This attribute describes changes in the frequency and size of such 
features.  For example, removal of large wood may reduce the frequency of pools, presence of steps, or retention of 
gravel for riffles. 

Substrate 
This attribute describes changes in the composition of the substrate of the stream, including increase in fine 
sediment and lack of gravel recruitment. 

Structure 
This attribute describes the loss of structural elements in the stream such as large wood, boulders, undercut banks, 
and so on.  Loss of structure results in a simplification of the channel and influences Channel Form and Channel 
Unit Types. 

Flow 
This attribute addresses modification of the flow regime, including decrease in summer low flow, increased 
“flashiness,” and dewatering of the channel as a result of withdrawals. 

Temperature 
Change in water temperature can be attributable to human actions such as removal of riparian shading.  This 
attribute describes the increase in summer water temperature and the loss of temperature refugia (springs or 
groundwater) as a result of human actions. 

Water Quality 
This attribute pertains to the input to the stream of toxins or pollutants that produce adverse impacts on spring-run 
Chinook salmon or steelhead.  This can include chemical pollutants such as fertilizer and pesticides and nutrient 
sources such as cattle and feedlots. 

Passage 
This relates to the effect of impediments to adult or juvenile migration of spring-run Chinook salmon or steelhead, 
including dams, culverts, channel dewatering, and other structural and channel modifications.  Please describe the 
location of the passage impediment and describe the extent of impediment (i.e., a complete or partial blockage to 
migration). 

Riparian/Floodplain 
This attribute describes the loss of functionality of the riparian forest/vegetation and the connection of the stream to 
the floodplain during high water and flooding. 
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Population Condition Definitions for Section V. Project Objectives—Biological 
 

Increasing 
Adult returns of the target species to the watershed have generally been increasing over the last several years; 
expectations are that the species is displaying characteristics of a rebuilding or healthy population. 
 

Stable  
Adult returns of the target species to the watershed show no clear trend over the last several years. 
 

Decreasing 
Adult returns of the target species to the watershed are declining over the last several years; the decline in abundance 
is a cause of concern and characteristic of a potentially unhealthy population. 
 

Intermittent 
Adult returns of the target species are occasionally seen in the watershed, but there is no viable or sustained 
population in the basin. 
 

Extirpated 
The population has been eliminated from the watershed although the species was present in the past. 
 

Never Present 

The species has never been known to occur in the watershed. 
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Questionnaire 

for  

Information on Potential Projects to Support Spring‐Run  
Chinook Salmon and Steelhead in the Sacramento River  

Basin for the Habitat Expansion Agreement 

DUE:  Thursday, April 30, 2009 

Send completed questionnaires to hea@water.ca.gov 
 

I.  Contact Information 
Name:   Duane Massa 

Organization:   CA. Dept. of Fish and Game 

Address:   2545 Zanella Wy. Suite F 

City, State, Zip Code:   Chico, CA 95928 

Phone Number:   (530) 895-5005 

Email Address:   dmassa@dfg.ca.gov 

 

II.  Project Description 
Project Name:   Lower Yuba River Narrows Gravel Rehabilitation Project 

Reference No. or New:         

Project Location:   The Narrows reach is an approximately a six-mile span of potentially high quality 
spring-run Chinook salmon spawning habitat located on the lower Yuba River from 
Englebright Dam to the State Route 20 Bridge in Yuba County, CA.   

Project Description: 
Englebright Dam was constructed in 1941 on the lower Yuba River to trap hyrdaulic mining debris left from the 
gold rush in California.  The dam has been blocking the natural recruitment of spawning gravels in the Narrows 
reach for over 65 years.  In many areas of this reach, the spawning gravels are completely absent and have been 
replaced by a bedrock substrate.  Spring-run Chinook salmon have been observed to migrate and hold in this area of 
river, but spawning success has been largely impacted by a lack of suitable spawning substrate as a result of gravel 
impoundment at Englebright Dam.  Gravel injection at this site is expected to expand available spawning habitat 
primarily for spring-run Chinook salmon, as suitable flow regimes already exist.  A pilot gravel injection project 
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II.  Project Description 
was successfully completed in the Narrows reach during November 2007.  Approximately 361 cubic yards of 
spawning gravels were injected below the Narrows II powerhouse.  Aerial redd surveys conducted in 2008 
positively identified spring-run Chinook salmon utilizing the pockets of gravel created by this pilot project.  
However, additional gravels are needed to fully rehabilitate this reach.  This can be accomplished through the 
injection of approximately 54,000 cubic yards of gravel in the Narrows reach (Englebright-SR20) over several 
years.  Preliminary estimates of this river section indicate that this activity can provide additional spawning habitat 
for over 4,850 spring-run Chinook salmon. 
 

 

 

III.  Species Limiting Factors 
In this section, describe the limiting factors for spring­run Chinook salmon and steelhead in your 
watershed.  The last page of this questionnaire defines the limiting factors. 

Limiting Factors  Description (from back page)  Rank 

 Channel Form Channel incision and slope have been affected by land use, 
hydraulic mining and hydropower practices. 

    High     

 Channel Unit Types Natural channel morphological units have been altered by land use, 
hydraulic mining and hydropower practices.  

    High     

 Substrate Spawning gravel substrate has been completely lost in many 
sections of the lower Yuba River due to impoundment by 
Englebright Dam. 

   Critical 

 Structure Natural channel form and unit types synonomous with spawning 
habitat values (i.e. pool, riffle, bank structure, LWD retention, etc.) 
have been altered by land use, hydraulic mining and hydropower 
practices. 

    High     

 Flow       Select Rank 

 Temperature       Select Rank 

 Water Quality       Select Rank 

 Passage Englebright Dam blocks access to the majority of historic spring-
run Chinook salmon spawning habitat.  Daguerre Point Dam 
creates passage difficulties for both adult and juvenile salmonids. 

    High     

 Riparian/Floodplain       Select Rank 

Source Documents: 
Pasternack, Greg. 2009. SHIRA-based river analysis and field-based manipulative sediment transport experiments 
to balance habitat and geomorphic goals on the lower Yuba River. Final Report. U.C. Davis Cooperative 
Ecosystems Studies Unit    
 

Available from http://pasternack.ucdavis.edu/LYR3_Pasternack_FINAL.pdf 

Additional Notes: 
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III.  Species Limiting Factors 
      

 

IV.  Project Objectives—Environmental 
In this section, describe how your project will affect one or more of the limiting factors for spring­run 
Chinook salmon or steelhead described above. 

Limiting Factor  Description and Objective  Focus 

 Channel Form Gravel injection will decrease channel incision and restore natural 
slope, thus serving to self-regulate additional gravel loss. 

    Secondary     

 Channel Unit Types Gravel injection will improve spawning habitat by restoring natual 
channel morphological units.  

    Secondary     

 Substrate Gravel injection will restore natural spawning substrate absent in 
this reach. 

    Primary     

 Structure Gravel injection will restore natural channel form and unit types 
synonomous with spawning habitat values (i.e. pool, riffle, bank 
structure, LWD retention, etc.). 

    Primary     

 Flow       Select Focus 

 Temperature       Select Focus 

 Water Quality       Select Focus 

 Passage       Select Focus 

 Riparian/Floodplain       Select Focus 

 

V.  Project Objectives—Biological 
In this section, describe the objective(s) of your project relative to the goal of providing habitat for 
spring­run Chinook salmon and steelhead.  Indicate the species and life stage that are targeted by the 
project.  (It is okay to have more than one species/life stage target). 

Target Species:   Spring-Run Chinook Salmon Population Status 
Specific to Watershed: 

    Stable     

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration   Adult Holding 

Description of Project Objectives: 

The objective of this project is to restore gravel recruitment below Englebright Dam.  This process is a critical step 
to restoring historic spring-run Chinook salmon populations on the lower Yuba River.  Gravel injection will serve to 
restore historic spawning areas currently under-utilized.  This process will also serve to restore several other natural 
river channel unit, form and structural functions; including a reduction of channel incision, restoration of natural 
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V.  Project Objectives—Biological 
slope for gravel retention, and restoration of natural pool/run/riffle mesohabitat interactions.    
 

Target Species:   Steelhead Population Status 
Specific to Watershed: 

    Stable     

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration 

Description of Project Objectives: 

Steelhead escapement to the lower Yuba River is currently unknown, but monitoring activities have observed adult 
and juvenile steelhead to be present.  Adult spawning activity and yearly emigrations have been observed.  
Restoration of historic spawning areas will likely improve habitat conditions for this species. 

 

VI.  Project Cost 
Capital Cost:   $3,000,000 (estimated) for initial 54,000 cu yards 

Annual Operation and 
Maintenance Cost: 

 Unknown 

Annual Operation and 
Maintenance Description: 

 Annual replentishment of gravel substrate will be necessary for the period that 
Englebright Dam blocks natural downstream gravel movement. 

Project Lifespan:   The project would have a lifespan corresponding with the continued operation 
of Englebright Dam. 

Project Partners 
(Funding): 

 Unknown 

Project Partners 
(Maintenance): 

 Unknown 

 

VII.  Schedule 
Proposed Start:   Once permits and funding are secured (possibly November 2009). 

Expected Time to 
Completion: 

 One month 

Expected Time to Realize 
Environmental Benefits: 

 Immediate 

Expected Time to Realize 
Biological Benefits: 

 Immediate 
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VIII.  Feasibility 
Technical Feasibility:   A pilot gravel injection project was successfully completed in November 2007. 

Technical Challenges:   None.  All were addressed during pilot project activities. 

Related Projects:   A number of restoration projects are in various stages of completion to address 
passage, spawning and rearing components of a complete river rehabilitation. 

Ownership or Permitting 
Challenges: 

 The property is owned jointly by PGE, YCWA and USACE.  Permits were 
successfully acquired for the pilot project.  No significant challenges forseen. 

Conflicts with Cultural, 
Zoning, or Other Issues: 

 None identified at this time.  

 

IX.  Project Support 
Supporting Entities:   U.C. Davis, NMFS, USFWS, USACE, CDFG, PGEYCWA, Yuba River Accord 

Management Team, Yuba River Technical Working Group, South Yuba River 
Citizens League 

Cooperating Entities:   U.C. Davis, NMFS, USFWS, USACE, CDFG, PGE, YCWA 

Degree of Local Support:   High at this time. 

Known Opposition:   None identified at this time. 

 

X.  Supporting Documents 
Please provide a full reference for each citation used to support the information presented in this 
questionnaire. 

Pasternack, Greg. 2009. SHIRA-based river analysis and field-based manipulative sediment transport experiments 
to balance habitat and geomorphic goals on the lower Yuba River. Final Report. U.C. Davis Cooperative 
Ecosystems Studies Unit    
 
Available from http://pasternack.ucdavis.edu/LYR3_Pasternack_FINAL.pdf. 
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Definitions of Limiting Factors for Spring­Run Chinook Salmon and Steelhead 
Channel Form 
This attribute describes changes to the channel, including incision, aggradation, diking, armoring, and other 
modifications of the channel adversely affecting spring-run Chinook salmon and steelhead. 

Channel Unit Types 
Examples of geomorphic features of the channel that form habitat types for spring-run Chinook salmon and 
steelhead are pools, riffles, glides, and runs.  This attribute describes changes in the frequency and size of such 
features.  For example, removal of large wood may reduce the frequency of pools, presence of steps, or retention of 
gravel for riffles. 

Substrate 
This attribute describes changes in the composition of the substrate of the stream, including increase in fine 
sediment and lack of gravel recruitment. 

Structure 
This attribute describes the loss of structural elements in the stream such as large wood, boulders, undercut banks, 
and so on.  Loss of structure results in a simplification of the channel and influences Channel Form and Channel 
Unit Types. 

Flow 
This attribute addresses modification of the flow regime, including decrease in summer low flow, increased 
“flashiness,” and dewatering of the channel as a result of withdrawals. 

Temperature 
Change in water temperature can be attributable to human actions such as removal of riparian shading.  This 
attribute describes the increase in summer water temperature and the loss of temperature refugia (springs or 
groundwater) as a result of human actions. 

Water Quality 
This attribute pertains to the input to the stream of toxins or pollutants that produce adverse impacts on spring-run 
Chinook salmon or steelhead.  This can include chemical pollutants such as fertilizer and pesticides and nutrient 
sources such as cattle and feedlots. 

Passage 
This relates to the effect of impediments to adult or juvenile migration of spring-run Chinook salmon or steelhead, 
including dams, culverts, channel dewatering, and other structural and channel modifications.  Please describe the 
location of the passage impediment and describe the extent of impediment (i.e., a complete or partial blockage to 
migration). 

Riparian/Floodplain 
This attribute describes the loss of functionality of the riparian forest/vegetation and the connection of the stream to 
the floodplain during high water and flooding. 
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Population Condition Definitions for Section V. Project Objectives—Biological 
 

Increasing 
Adult returns of the target species to the watershed have generally been increasing over the last several years; 
expectations are that the species is displaying characteristics of a rebuilding or healthy population. 
 

Stable  
Adult returns of the target species to the watershed show no clear trend over the last several years. 
 

Decreasing 
Adult returns of the target species to the watershed are declining over the last several years; the decline in abundance 
is a cause of concern and characteristic of a potentially unhealthy population. 
 

Intermittent 
Adult returns of the target species are occasionally seen in the watershed, but there is no viable or sustained 
population in the basin. 
 

Extirpated 
The population has been eliminated from the watershed although the species was present in the past. 
 

Never Present 

The species has never been known to occur in the watershed. 
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Questionnaire 

for  

Information on Potential Projects to Support Spring‐Run  
Chinook Salmon and Steelhead in the Sacramento River  

Basin for the Habitat Expansion Agreement 

DUE:  Thursday, April 30, 2009 

Send completed questionnaires to hea@water.ca.gov 
 

I.  Contact Information 
Name:   Gary Reedy 

Organization:   South Yuba River Citizens League 

Address:   217 Main Street 

City, State, Zip Code:   Nevada City, Ca 95959 

Phone Number:   530.265.5961 x208 

Email Address:   gary@syrcl.org 

 

II.  Project Description 
Project Name:   Yuba River Narrows Spawning Habitat Rehabilitation 

Reference No. or New:   Basically, same as "Narrows Rehabilitation" project submitted by CDFG and FWS 

Project Location:   Yuba River (0.8 miles below Englebright and immediately upstream of Deer Creek)  

39deg 13' 50 N  121deg 16' 37 W 

Project Description: 

Compared to historic conditions, spring-run Chinook and steelhead populations of the Yuba River are severely 
limited by blockage from Englebright Dam.  The spring-run Chinook population of the Yuba River is at high risk of 
extinction due to average annual abundance <500 fish, strays from the Feather River Hatchery and inadequate 
spawning segregation from the fall-run population. This project would restore habitat in the reach below 
Englebright Dam where spring-run Chinook are known to hold and attempt spawning despite a lack of suitable 
spawning habitat. This project may also involve a segregation weir approximately 6 miles below Englebright to 
provide spawning segregation from non-natal and fall-run salmon. The need and benefits for the segregation weir 
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II.  Project Description 
component of the project can be more completely evaluated following results from ongoing studies by the Yuba 
Accord RMT involving tagging, tracking, redd mapping and genetic analysis.  Dr. Greg Pasternak of UC Davis has 
thoroughly described the physical situation in the Englebright Dam Reach (EDR).  Although the Armcy Corps of 
Engineers is required to implement a gravel augmentation program, no such program will provide benefits to 
salmon and steelhead until the channel is rehabilitated from instream gravel mining and deposition of shot rock.  
With rehabilitation and the provision of 100,000 tons of gravel, the Englebright Dam Reach could support at least 
2000 spawning spring-run Chinook.  Gravel supply would then be maintained as per requirements of the Corps. The 
benefits of this project, for steelhead in particular, would be expanded with gravel augmentation in Deer Creek 
which enters the reach near the location of highest potential for spawning habitat enhancement.  

 

III.  Species Limiting Factors 
In this section, describe the limiting factors for spring­run Chinook salmon and steelhead in your 
watershed.  The last page of this questionnaire defines the limiting factors. 

Limiting Factors  Description (from back page)  Rank 

 Channel Form Instream gravel mining and deposition of shot rock has made the 
channel at the project location unsuitable for spawning, even with 
restoration of annual gravel supply.  More generally, the channel 
form in the lower Yuba is affected by lack of gravel supply in 
upper reach (i.e. downcutting) and artificial confinement from RM 
7 to RM 21 (goldfields) resulting from walls of mine tailings. 

    High     

 Channel Unit Types       Select Rank 

 Substrate Englebright Dam blocks transport of all gravels into the channel 
below.  Spawning habitat exists beginning two miles below the 
dam as material becomes entrained from historic terraces and mine 
tailings  

    High     

 Structure see note below     Medium     

 Flow       Select Rank 

 Temperature       Select Rank 

 Water Quality       Select Rank 

 Passage Englebright Dam blocks access to the majority of spawning habitat 
in the watershed for spring-run and steelhead; No segregation 
provided for spawning of spring-run. 

    High     

 Riparian/Floodplain see note below     Medium     

Source Documents: 

Pasternack Manuscript on Englebright Dam Reach, Draft Implemention Plan for Lower Yuba River Anadromous 
Fish Restoration, Recovery Plan for Central Valley Spring-run Chinook and Steelhead (Co-manager Draft).  

Additional Notes: 

For description and sources for structure and riparian/floodplain as limiting factors in the lower Yuba River, see 
submitted information for Yuba River Rearing Habitat Enhancement 
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IV.  Project Objectives—Environmental 
In this section, describe how your project will affect one or more of the limiting factors for spring­run 
Chinook salmon or steelhead described above. 

Limiting Factor  Description and Objective  Focus 

 Channel Form Rehabilitation of channel form by shot rock removal and regrading 
as necessitated following final analysis of alternatives 

    Primary     

 Channel Unit Types       Select Focus 

 Substrate Placement of 100,000 tons of spawning gravel to be followed by 
program of gravel augmentation/maintenance by the Army Corps 

    Primary     

 Structure Through association with Yuba River Rearing Enhancement Project     Secondary     

 Flow       Select Focus 

 Temperature       Select Focus 

 Water Quality       Select Focus 

 Passage Through association with Deer Creek Gravel Augmentation and 
Passage Project submitted by Friends of Deer Creek 

    Secondary     

 Riparian/Floodplain Through association with Yuba River Rearing Enhancement Project     Secondary     

 

V.  Project Objectives—Biological 
In this section, describe the objective(s) of your project relative to the goal of providing habitat for 
spring­run Chinook salmon and steelhead.  Indicate the species and life stage that are targeted by the 
project.  (It is okay to have more than one species/life stage target). 

Target Species:   Spring-Run Chinook Salmon Population Status 
Specific to Watershed: 

    Decreasing 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration   Adult Holding 

Description of Project Objectives: 

Provide spawning habitat in the Englebright Dam Reach of the Yuba River to support 2000 or more spring-run 
Chinook salmon and enhance juvenile productivity.  Also, to provide spatial segregation during spawning from 
summer immigrants and fall-run Chinook as needed to protect phenotypically or genetically distinct spring-run 
Chinook.  Note: Based on results from gravel placement in Mokelumne River (Joe Merz, personal communication), 
100,000 tons of gravel could be sufficient to support this spawning population and greatly enhance production of 
macroinvertebrates representing food sources for juvenile salmonids.  
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V.  Project Objectives—Biological 
Target Species:   Steelhead Population Status 

Specific to Watershed: 
    Decreasing 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration 

Description of Project Objectives: 

Increase the availability of suitable spawning and incubation habitat in the Narrows reach of the Yuba River, to 
provide for increased spawning success and juvenile productivity for steelhead.  Also, this project is complimentary 
with gravel augmentation in Deer Creek (as proposed by Friends of Deer Creek) which could provide additional 
benefits in the confluence area for both species and more than 4 miles of expanded spawning and rearing for 
steelhead. 

 

VI.  Project Cost 
Capital Cost:   $3.1M for habitat rehabilitation (based on $30/ton placed gravel plus 

engineering and design), plus $ 219,000 for weir 

Annual Operation and 
Maintenance Cost: 

 $52,000 annually for weir operation and monitoring 

Annual Operation and 
Maintenance Description: 

 The Corps is obligated to provide sufficient gravel to channel below 
Englebright to maintain habitat at no cost to project (estimated by Pasternak to 
be 10,000 tons).  Segregation weir would involve full-time staff for 3.5 
months/year plus assembly and disassembly. 

Project Lifespan:   30 years 

Project Partners 
(Funding): 

 PG&E (tbd per Narrows Mitigation Fund),  FWS (AFRP)  

Project Partners 
(Maintenance): 

 Army Corps (tbd for gravel augmentation/maintenance); Yuba County Water 
Agency (tbd for support of weir and monitoring) 

 

VII.  Schedule 
Proposed Start:   2010 

Expected Time to 
Completion: 

 2 months for construction period 

Expected Time to Realize 
Environmental Benefits: 

 2011 

Expected Time to Realize 
Biological Benefits: 

 2011 
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VIII.  Feasibility 
Technical Feasibility:   Similar spawning habitat rehabilitation has been conducted in the Central 

Valley, including on the Mokelumne and Tuolomne Rivers. Resistance board 
segregation weirs are versatile and used by fisheries managers throughout the 
region. Cramer Fish Sciences staff, who pioneered the use the technology in 
California, has provided reconnaissance and confirmed feasibility on the Yuba 
River.  For more information, see their resistance board weir website at 
http://weir.fishsciences.net.  

Technical Challenges:   The Yuba River has limited flood control above Englebright and constructed 
spawning channels will be subject to scouring forces.  Additional analysis is 
required to determine appropriate site rehabilitation techniques before gravel 
placement.  For example, complete shot rock removal may not be required. 
Also, shot rock near the dam must be stabilized to prevent future impacts. 

Related Projects:   Gravel augmentation proposed by Friends of Deer Creek would add 
substantially to the amount of expanded steelhead habitat in this area.  
Restoration of off-channel rearing habitat in the Parks Bar to Hammon reach of 
the Yuba River (as proposed by USFWS and SYRCL) would address a limiting 
factor for spring-run Chinook and steelhead juveniles. The Corps of Engineers 
is required by a NMFS BiOp to implement a program of gravel augmentation 
by the fall of 2012. However, this program is not likely to start before site 
rehabilitation for which no entity has been made responsible. Nevertheless, the 
Corps program should be solidified before completion of this project.  

Ownership or Permitting 
Challenges: 

 Access to rehabilitation site requires either permission from two private 
landowners so far offering less than consistent support, or construction of road 
on steep slopes of PG&E mitigation land.  CDFG has expressed concerns about 
the new road and immediate impacts of the project on holding spring-run 
salmon.  

Conflicts with Cultural, 
Zoning, or Other Issues: 

 None determined 

 

IX.  Project Support 
Supporting Entities:   FWS, CDFG, NMFS, SYRCL; PG&E support to be determined. 

Cooperating Entities:   Friends of Deer Creek, UC Field Station; Yuba County Water Agency 
cooperation to be determined.  

Degree of Local Support:   Yuba County Resource Conservation District has proposed a pilot phase of this 
project for funding by the Sierra Nevada Conservancy. This project is expected 
to have a high degree of local support because it recovers spring-run and 
steelhead populations without altering water management, recreation or access.  
If used, a segregation weir would block only the relatively small portion of 
salmon attempting to migrate into the upper reach from July 1 to October 15. 

Known Opposition:   The segregation weir component will have opposition without data to 
demonstrate lack of sufficient natural segregation.  One of two immediate 
landowners in the rehab location may prove oppositional. 
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X.  Supporting Documents 
Please provide a full reference for each citation used to support the information presented in this 
questionnaire. 

Pasternack and others, Manuscript 2009, Historical Analysis of the Englebright Dam Reach of the Lower Yuba 
River, CA to Aid Spring-run Chinook Salmon Habitat Rehabilitation.  

Shira-based river analysis and field-based manipulative sediment transport experiments to balance habitat and 
geomorphic goals on the Lower Yuba River. http://pasternack.ucdavis.edu/LYR3_Pasternack_FINAL.pdf 

NMFS, Central Valley Spring-run and steelhead recovery plan (co-manager draft) 

Draft Implementation Plan for Lower Yuba River Anadromous Fish Habitat Restoration. October 2005.  Lower 
Yuba River Fisheries Technical Working Group.  CD Distribution  

Merz JE, Ochikubo Chan LK. 2005. Effects of gravel augmentation on macroinvertebrate assemblages in a 
regulated California river. River Research and Applications 21: 61–74. DOI: 10.1002/rra.819 

Merz JE, Setka JD, Pasternack GB, Wheaton JM. 2004. Predicting benefits of spawning habitat rehabilitation to 
salmonid fry production in a regulated California river. Canadian Journal of Fisheries and Aquatic Science 61: 
1433–1446. DOI: 10.1577/M03-038.1 
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Definitions of Limiting Factors for Spring­Run Chinook Salmon and Steelhead 
Channel Form 
This attribute describes changes to the channel, including incision, aggradation, diking, armoring, and other 
modifications of the channel adversely affecting spring-run Chinook salmon and steelhead. 

Channel Unit Types 
Examples of geomorphic features of the channel that form habitat types for spring-run Chinook salmon and 
steelhead are pools, riffles, glides, and runs.  This attribute describes changes in the frequency and size of such 
features.  For example, removal of large wood may reduce the frequency of pools, presence of steps, or retention of 
gravel for riffles. 

Substrate 
This attribute describes changes in the composition of the substrate of the stream, including increase in fine 
sediment and lack of gravel recruitment. 

Structure 
This attribute describes the loss of structural elements in the stream such as large wood, boulders, undercut banks, 
and so on.  Loss of structure results in a simplification of the channel and influences Channel Form and Channel 
Unit Types. 

Flow 
This attribute addresses modification of the flow regime, including decrease in summer low flow, increased 
“flashiness,” and dewatering of the channel as a result of withdrawals. 

Temperature 
Change in water temperature can be attributable to human actions such as removal of riparian shading.  This 
attribute describes the increase in summer water temperature and the loss of temperature refugia (springs or 
groundwater) as a result of human actions. 

Water Quality 
This attribute pertains to the input to the stream of toxins or pollutants that produce adverse impacts on spring-run 
Chinook salmon or steelhead.  This can include chemical pollutants such as fertilizer and pesticides and nutrient 
sources such as cattle and feedlots. 

Passage 
This relates to the effect of impediments to adult or juvenile migration of spring-run Chinook salmon or steelhead, 
including dams, culverts, channel dewatering, and other structural and channel modifications.  Please describe the 
location of the passage impediment and describe the extent of impediment (i.e., a complete or partial blockage to 
migration). 

Riparian/Floodplain 
This attribute describes the loss of functionality of the riparian forest/vegetation and the connection of the stream to 
the floodplain during high water and flooding. 
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Population Condition Definitions for Section V. Project Objectives—Biological 
 

Increasing 
Adult returns of the target species to the watershed have generally been increasing over the last several years; 
expectations are that the species is displaying characteristics of a rebuilding or healthy population. 
 

Stable  
Adult returns of the target species to the watershed show no clear trend over the last several years. 
 

Decreasing 
Adult returns of the target species to the watershed are declining over the last several years; the decline in abundance 
is a cause of concern and characteristic of a potentially unhealthy population. 
 

Intermittent 
Adult returns of the target species are occasionally seen in the watershed, but there is no viable or sustained 
population in the basin. 
 

Extirpated 
The population has been eliminated from the watershed although the species was present in the past. 
 

Never Present 

The species has never been known to occur in the watershed. 
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Questionnaire 

for  

Information on Potential Projects to Support Spring‐Run  
Chinook Salmon and Steelhead in the Sacramento River  

Basin for the Habitat Expansion Agreement 

DUE:  Thursday, April 30, 2009 

Send completed questionnaires to hea@water.ca.gov 
 

I.  Contact Information 
Name:   Joanne Hild 

Organization:   Friends of Deer Creek 

Address:   132 Main Street 

City, State, Zip Code:   Nevada City, CA 95959 

Phone Number:   530-265-6090 

Email Address:   joanne@friendsofdeercreek.org 

 

II.  Project Description 
Project Name:   Deer Creek Salmon and Steelhead Spawning Habitat Expansion Project 

Reference No. or New:         

Project Location:   Deer Creek between Lake Wildwood and the confluence with the Yuba River. 
39.2358 deg N; 121.2190 deg W at the Lake Wildwood dam. 

Project Description: 

The Deer Creek Salmon and Steelhead Habitat Expansion Project is an effort to restore critical habitat for Spring-
run Chinook salmon and steelhead through a combination of targeted gravel augmentation, barrier removal, invasive 
species removal, riparian revegetation, and collaboration with affected stakeholders, especially Lake Wildwood. In 
August 2008 the California Department of Fish and Game included Deer Creek on its list of 22 priority streams for 
future instream work. The list was compiled and ranked based on input from Regional DFG staff, staff from the 
State Water Board, U.S. Fish and Wildlife Service, and the National Marine Fisheries Service, using the following 
criteria: 1) Presence of anadromous species; 2) likelihood that DFG flow recommendations would provide a high 
level of improvement; 3) availability of recent flow studies or other relevant data; and 4) the possibility of 
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II.  Project Description 
partners/willing landowners. This proposal is offered in conjunction with the Yuba River Narrows Spawning 
Habitat Rehabilitation Project proposed by South Yuba River Citizens League. 

The mouth of Deer Creek was once an exceptionally rich salmon and steelhead habitat for the Yuba River. Salmon 
and steelhead were present on Deer Creek and Squirrel Creek, a tributary of Deer Creek, in large numbers in the 
early part of the 20th century. Steelhead were observed in the 1960's in the first quarter mile of Deer Creek, until the 
impassible falls, and salmon were observed in large numbers in the 1920's (Yoshiyama, Gerstung, Fisher, and 
Moyle).  

Lake Wildwood reservoir dam on Deer Creek, constructed in 1970, blocks the downstream movement of gravel that 
is essential for fish spawning habitat, and causes severe impacts to all elements of Deer Creek's riverine function, 
especially temperature, flow, and nutrient loads. Friends of Deer Creek has worked for the past several years with 
the Lake Wildwood Lake Committee to make changes to their recreational management of the reservoir that take 
into account the impacts to the creek. Much work remains if Deer Creek's salmon and steelhead spawning habitat is 
to be restored and expanded. This proposal is an effort to mitigate the impacts to the creek and make permanent 
changes in the management of the system that prevent the impacts from recurring. 

Assessment, planning and design can begin immediately, with implementation beginning in September 2009. All 
necessary permits for the implementation of this project have been submitted. 

The project elements are as follows: 

1. Gravel Augmentation: Lake Wildwood dam is located four and a quarter miles above the confluence with the 
Yuba, where it has a detrimental impact on Deer Creek’s remaining salmon and steelhead spawning habitat. The 
primary objective of this project is to work with Lake Wildwood to recover the gravel that is prevented by the dam 
from passing downstream, and to place it along with purchased gravel as needed in the gravel-starved lower reaches 
of Deer Creek that are critical spawning habitat. While mercury-laden fines are able to cross the dam during storm 
and dewatering events, larger gravel and pebbles are prevented from passing. Replacement of gravel below the dam 
will restore a critical ingredient of salmonid spawning habitat as well as a vital but poorly understood element in the 
overall function of the stream, with beneficial impacts to temperature, flow, oxygenation, and fish and other wildlife 
populations. 

2. Revegetation: We propose a revegetation effort for the four and a quarter mile stretch of creek from the Lake 
Wildwood dam to the confluence. The effort will focus on the riparian zone, meadow/floodplain areas and upland 
zones. Like most of the watershed, this area is infested with invasive non-native species that outcompete beneficial 
native species and interact with the climatic conditions to create parched, tinder-dry conditions in the long hot 
summers. Of particular concern are Himalayan Blackberry (Rubus discolor), Black Locust trees (Robinia 
pseudoacacia) and non-native grasses in the riparian zone, Scotch Broom (Cytisus scoparius) and Yellow Star 
Thistle (Centaurea solstitialis) in the meadow areas, and Ripgut grass in the upland areas. Revegetation from the 
native palette would restore the capacity to uptake nutrients, thereby reducing the extent of algae blooms that have 
severely impacted lower Deer Creek. Algae blooms cause large diurnal swings in pH, creating conditions that are 
lethal to native aquatic organisms. These algae blooms and resulting pH increases have caused the State Board to 
include Deer Creek as an impaired watershed for pH on the 303(d) list. Revegetation will increase tree cover in the 
riparian zone, thereby reducing direct solar radiation available as energy for algae. Invasive Himalayan blackberry, 
prevalent throughout the riparian zone, provides little shade and blocks access to the creek for larger animal species. 
Blackberry also contributes to erosion as the stream flows around the rootball, undermining the soil.  By contrast, 
native willows overhang the water, remain lush and green all summer long, hold the soil in their roots, and provide 
copious shade that keeps the water cool. Their roots provide habitat and protection from predators for a variety of 
animal species. Revegetation of denuded sections of the riparian zone will also help control sediment loads in the 
creek that result from erosion. This stretch of creek is dominated by a single highly pollution-tolerant 
macroinvertebrate family,  indicating overall ecological degradation. Improved riparian habitat is likely to result in 
increased macroinvertebrate diversity in addition to providing numerous habitat and water quality benefits for the 
target species and other riverine and riparian dependent species.  

3. Barrier Removal: The third project element is the assessment and removal of barriers to anadromous fish passage. 
Salmon and steelhead were once present for several miles along Deer Creek and its tributaries, but their range is 
now limited to the first quarter mile of stream. At this point, a large and impassible waterfall, known as Basher 
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Falls, prevents their passage. Salmon were once able to ascend these falls because the presence of gravels in the 
creek maintained the height of the stream bed and prevented the creek from incising, and large woody debris acted 
as natural fish ladders to facilitate fish passage. Gravel loads upstream of the falls will restore stream elevation, and 
targeted gravel placement at the falls will focus on restoring passibility. Native trees, once established, will provide 
the necessary large woody debris. In addition, we will explore and implement other options for restoring passibility 
to the falls as indicated. We will also survey any additional barriers to fish passage that lie between the confluence 
and Lake Wildwood, in an effort to expand habitat range to the entire 4.25 mile stretch of creek, and up to 2.5 
additional miles of Squirrel Creek, a tributary of Deer Creek below Lake Wildwood. 

4. Collaborative Management of Lake Wildwood and Wastewater Treatment Plant: Lower Deer Creek's potential 
salmon and steelhead spawning habitat is gravely compromised by the presence of Lake Wildwood dam and 
wastewater treatment plant, with water temperatures in the fall that are lethal to fish, severe lack of suitable gravels, 
and an extreme excess of nutrients that contribute to rampant algae blooms. Restoration of viable habitat in this 
creek, the last tributary spawning grounds for the Yuba River before fish passage is blocked by Englebright Dam, 
depends on Lake Wildwood's and the Wastewater Treatment Plant's adoption of management practices that reduce 
impacts to the downstream ecosystem. Necessary changes include increasing the summer flow in order to reduce 
downstream temperature; releasing from cooler deep waters; collecting gravel during dredge operations for 
downstream placement; reducing the high flows during the periodic release by further lengthening the duration of 
the release; and reducing the input of nutrients from the Wastewater treatment plant. Central Valley Regional Water 
Quality Control Board is in the process of imposing stricter limits on nitrates and phosphates in effluent in order to 
meet their regional targets. Lake Wildwood has chosen Friends of Deer Creek to implement salmon habitat 
restoration improvements as a mitigation for their excessive nutrient loads, and that project will complement the 
current proposal. New technology exists that will result in reduced nutrient loads when implemented. Friends of 
Deer Creek has established a good working relationship with the Lake Wildwood Lake Committee over the course 
of several years, in the interest of preserving our shared environment. The fruits of this collaboration are already 
evident in changes that the Lake Committee has implemented in lengthening the duration of the periodic release, 
thereby reducing the high flows; posting signs that warn anglers of the dangers of mercury in fish; developing a 
joint water quality monitoring program at four sites in and below the reservoir; creating an inspection station for 
boats to prevent the spread of invasive non native species including quagga mussels; and collaborating in a study of 
mercury-laden sediment that is transported over the dam during storms. Friends of Deer Creek's board of directors 
includes John Norton, a Lake Wildwood resident, member of the Lake Committee, and retired program director at 
the California State Water Resources Control Board, who has been instrumental in establishing a partnership. 

 

III.  Species Limiting Factors 
In this section, describe the limiting factors for spring­run Chinook salmon and steelhead in your 
watershed.  The last page of this questionnaire defines the limiting factors. 

Limiting Factors  Description (from back page)  Rank 

 Channel Form Lake Wildwood Dam's construction in 1970 has resulted in drastic 
changes to the channel form below the dam in the critical salmon 
spawning reach. While the presence of the dam has not essentially 
changed the peak flow, the dam prevents the passage of gravels that 
modulate flow. The fact that there is flow capable of transporting 
and depositing gravel without a supply of gravel has resulted in the 
creek incising into its bedrock and alluvium below Lake Wildwood 
to the confluence. The availability of flow but not of gravel and 
cobbles has also had the effect of incising the creek at the falls and 
steepening the gradient, transforming the falls into an impassible 
obstacle and limiting salmon and steelhead habitat range to the 
quarter mile stretch between the falls and the confluence. A further 

   Critical 
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III.  Species Limiting Factors 
consequence of the combination of high flow and gravel starvation 
is bed armoring,  particularly in reaches from Lake Wildwood to 
Squirrel Creek. Bed armoring is a particular problem in alluvial 
reaches, resulting in a reduction in habitat diversity. Finally, there 
is a large amount of angular sediment below the dam due to local 
erosion caused by construction at Lake Wildwood. Source data: 
Friends of Deer Creek Geomorphic Assessment, based on protocols 
developed by Montgomery and Buffington 1997.   

 Channel Unit Types The lack of sediment has contributed to a reduction in riffle 
frequency caused by changes to the substrate. The stretch of creek 
below Lake Wildwood to the confluence with Squirrel Creek is 
particularly impacted by infrequency of riffles. The reduction in 
riffle habitat has the potential to raise temperatures, lower dissolved 
oxygen concentrations, and reduce habitat suitability. The lack of 
sediment also causes the creek to incise into alluvial step pools, 
reducing turbulent flows and dissolved oxygen concentrations. The 
reduction in gravel has also led to the deepening of pools, making 
them less suitable for spawning because of the loss of oxygenated 
flow. Deep pools can reduce the hyporheic flows needed to buffer 
daily temperature swings. Deep pools also reduce dissolved oxygen 
concentrations and contribute to algae blooms. Finally, the dam 
blocks large woody debris which can provide side channel pool 
habitat and help with gravel retention, thereby creating riffles and 
increasing the suitability of pools for spawning. The lack of woody 
debris decreases the diversity of channel units. Source data: Friends 
of Deer Creek Geomorphic Assessment, based on protocols 
developed by Montgomery and Buffington 1997.   

    High     

 Substrate Lake Wildwood dam blocks gravel and cobbles which would 
provide habitat to lower Deer Creek. The reach between Lake 
Wildwood and Squirrel Creek is particularly impacted, with only 
localized sediment inputs. The composition of the streambed below 
Lake Wildwood has been fundamentally altered since the 
construction of the dam because the reduction of the sediment 
supply has led to bed armoring, and a large median substrate 
diameter unsuitable for spawning salmonids. Fine sediment 
however is able to pass downstream, leading to a disproportionate 
amount of fine substrate too small for spawning habitat. Localized 
gravel recruitment leads to uneroded, angular gravels. The entire 
system is starved of suitable gravel supply because of the presence 
of the dam. Source data: Wolman Pebble Counts done in 
conjunction with Geomorphic Assessment. 

   Critical 

 Structure The presence of two dams (Lake Wildwood and Scotts Flat) has 
interrupted the continuous system that would bring large woody 
debris from upland forests. The lack of woody debris affects the 
distribution and spacing of riffles, runs, and pools. Debris creates 
unique and diverse habitat types including side channel pools, 
lateral pools, mid channel pools, and riffles.Source data: Friends of 
Deer Creek Geomorphic Assessment, based on protocols developed 
by Montgomery and Buffington 1997; Physical Habitat 
Assessments conducted in 2007 and 2008 in accordance with 
SWAMP Stream Habitat Characterization Form; Desktop analysis 

    High     
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using Google Earth to assess canopy cover.   

 Flow Lake Wildwood has a severe impact on flow, with inadequate flow 
in the summer months and unseasonal high flows during the annual 
dewatering. The dewatering event mimics a storm event, triggering 
salmon and steelhead to begin their upstream journey to spawn, 
where the eggs then dry up when the waters recede. The high flows 
also scour the vegetation and macroinvertbrates from the 
downstream section of the creek, causing severe impacts to riparian 
vegetation and habitat. The area is dominated by a single 
macroinvertebrate family, blackflies (Simulidae), and suffers from 
a critical lack of the macroinvertebrate diversity needed by 
salmonids. The entire Deer Creek watershed functions as a water 
management system. The natural flow regime would allow 
snowmelt to pass all the way into lower Deer Creek. Snow melt is 
now blocked and diverted at numerous places. Winter high flows 
are similar to historic highs, but data collected since 1934 reveals a 
significant reduction in summer flows resulting from Lake 
Wildwood's flow management (USGS). Below Lake Wildwood, 
less flow results in more pronounced diurnal temperature swing, 
and more severe environmental stresses on organisms. Source data: 
Flow regime analysis using USGS gauge data and Army Corps of 
Engineers Hydrologic Engineering Center Statistical Software 
Package.   

   Critical 

 Temperature Temperature is an urgent limiting factor in Lower Deer Creek.  
Temperature increases caused by human actions are a severe 
problem in lower Deer Creek. Temperatures of 24 degs C are lethal 
to salmonids, with 23 degs C being the LT50 (Baker). Ten years of 
temperature data on Deer Creek in the salmonid spawning reach 
reveal lethally high temperatures in the summer and fall spawning 
season, with peaks of 30 degs C (Friends of Deer Creek). 
Management activities on private land such as grazing, logging, 
gravel mining, and agriculture have led to degradation of the 
riparian corridor, reduction in riparian habitat and invasion by non-
native plant species that bring reduced shade and habitat benefits. 
The lack of gravel and cobble in the streambed has led to a 
deepening of pools and a reduction in turbulent riffle flow and riffle 
spacing, all of which factors can lead to temperature increases 
(Grant et al, 2006).  Managed flow from Lake Wildwood has 
significant impacts on downstream temperature caused by several 
factors: summer release of warm water from surface waters of the 
reservoir; extremely low outflows in summer in order to conserve 
reservoir depth; and a lack of natural variation in both flow and 
temperature, reducing the potential for hyporheic exchange to act 
as a temperature buffer (Poole & Berman). Source data: Friends of 
Deer Creek monthly water quality data; Onset HOBO data logger 
data during Lake Wildwood dewatering.  

   Critical 

 Water Quality The primary impacts to the water quality are nutrient loads, algae, 
and large diurnal swings in pH and temperatures.The wastewater 
treatment plant at Lake Wildwood releases significant quantities of 
nutrients into lower Deer Creek, which have contributed to 
excessive algae blooms. Algae take in oxygen and release carbon 

   Critical 
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dioxide, leading to large diurnal swings in pH and dissolved 
oxygen, with severe impacts on stream organisms. Deer Creek 
below Lake Wildwood is 303(d) listed for pH as a result of 
excessive nutrient loads (http://www.waterboards.ca.gov). The 
impact of nutrient-laden effluent from the wastewater treatment 
plant is especially pronounced in summer when the low flows 
prevent effluent dilution. The lack of riparian canopy also increases 
the availability of solar radiation to the streambed, contributing to 
algae blooms. Denuded riparian areas do not uptake nutrients, 
leaving the nutrients available for algae growth.  Source data: 
Friends of Deer Creek monthly monitoring data. 

 Passage Fish passage is completely blocked by a waterfall located a quarter 
mile above the confluence with the Yuba River. Salmon and 
steelhead were historically able to scale these falls, but the lack of 
gravel, cobbles and large woody debris to act as natural fish 
ladders, has caused the creek to become deeply incised and the falls 
to become too steep to pass. Source data: Visual and Geomorphic 
Assessment based on protocols developed by Montgomery and 
Buffington 1997.    

   Critical 

 Riparian/Floodplain The riparian vegetation is significantly compromised both by the 
spread of invasive non-natives, and by private land management 
including grazing, logging, mining, and residential development, 
that has caused the banks to become denuded in places.  Aerial 
photography reveals severely degraded vegetation in more than half 
of Deer Creek's riparian zone between Lake Wildwood and the 
Yuba confluence, and even more of Squirrel Creek's riparian zone 
in 3.2 miles above the confluence with Deer Creek.These impacts 
result in temperature increases, a reduction in nutrient uptake 
capacity, and the loss of fish and macroinvertebrate habitat. 
Riparian vegetation has been found by many studies to be critical in 
regulating stream temperature (Johnson & Jones, 2000). Riparian 
areas with higher plant density and basal area have temperatures up 
to 11% lower than areas with significantly lower plant density and 
basal area (Opperman & Merenlender, 2004). Non natives such as 
blackberry outcompete native species  such as willow, alder, and 
cottonwood that provide suitable habitat including canopy, shading, 
root mats and root wads. The composition of the riparian vegetation 
zone is crucial to stream temperature regulation, and must include 
tree species that provide canopy (Broadmeadow & Nisbet, 2004). 
The riparian zone at the site is currently dominated primarily by 
shrub-like Himalayan blackberry and Scotch broom, which do not 
provide the necessary canopy cover to effectively regulate the 
stream temperature. Non natives such as scotch broom are more 
susceptible to wildfire, which in turn increases fine sediment load 
to the creek. Grazing animals cause further impact to native 
vegetation by spreading non-native seeds and by trampling and 
compacting soil, making it less hospitable to native species that 
require specific soil characteristics in order to be successful. The 
lack of large native riparian trees reduces the availability of large 
woody debris in the creek necessary for habitat and for fish 
passage. The lack of gravel has caused the creek to become incised, 
particularly in the alluvial reaches, and unable to access its 

   Critical 
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floodplain. Source data:Physical Habitat Assessments conducted in 
2007 and 2008 per SWAMP Stream Habitat Characterization 
Form; Habitat Assessment conducted in conjunction with Friends 
of Deer Creek twice yearly Macroinvertebrate Bioassessment since 
2000; streamwalk visual assessment, May 2008.   

Source Documents: 

Baker, P.F., Speed, T.P., and F.K. Ligon. 1995. Estimating the influence of temperature on the survival of chinook 
salmon smolts (Oncorhynchus tshawytscha) migrating through the Sacramento - San Joaquin River Delta of 
California. Can. J. Fish. Aquatic. Sci 52:855-863. 

Broadmeadow, S. & Nisbet, T.R. 2004. The effects of riparian forest management on the freshwater environment: a 
literature review of best management practice. Hydrology and Earth System Sciences 8(3), 286–305. 

California Water Resources Control Board 
http://www.waterboards.ca.gov/tmdl/docs/303dlists2006/approved/BAK_Aug13thruOct30/state_06_303dlist.pdf 

Friends of Deer Creek. www.friendsofdeercreek.org/data.html  

Grant, Gordon et al. Potential effects of gravel augmentation on temperature in the Clackamas River, Oregon. A 
report prepared for Portland General Electric. 1 June, 2006 

Johnson, S.L. & Jones, J.A. 2000. Stream temperature responses to forest harvest and debris flows in western 
Cascades, Oregon. Canadian Journal of Fisheries and Aquatic Sciences 57, 30–39. 

Opperman, J.J. & Merenlender, A.M. 2004. The effectiveness of riparian restoration for improving instream fish 
habitat in four hardwood-dominated California streams. North American Journal of Fisheries Management 24, 822–
834.     

Poole, Geoffrey C. and Cara H. Berman. An Ecological Perspective on In-Stream Temperature: Natural Heat 
Dynamics and Mechanisms of Human-Caused Thermal Degradation. http://waterdata.usgs.gov/nwis/uv?11418500  

Yoshiyama, R. M., E. R. Gerstung, F. W. Fisher, and P. B. Moyle.  2001. Historical and present distribution of 
chinook salmon in the Central Valley. Pages 71-176 in R. Brown, ed. Contributions to the biology of Central Valley 
salmonids.  Fish Bulletin 179. 
http://wfcb.ucdavis.edu/www/Faculty/Peter/petermoyle/publications/CentralValleyChinook.pdf 

 

Additional Notes: 

      

 

 

IV.  Project Objectives—Environmental 
In this section, describe how your project will affect one or more of the limiting factors for spring­run 
Chinook salmon or steelhead described above. 

Limiting Factor  Description and Objective  Focus 

 Channel Form The gravel augmentation effort will affect the channel form by 
reducing the rate of channel incision into the streambed and bedrock. 
The armoring of the streambed that prevails in the reach between 
Lake Wildwood and Squirrel Creek will be mitigated by providing a 

    Primary     
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more natural and diverse substrate regime, balancing out the large 
boulders and bedrock with smaller gravel, and reducing the incision 
rate. The project objective is to reduce the median substrate diameter 
by 25%. 

 Channel Unit Types The project will place gravel in the sediment-starved reach of Deer 
Creek below Lake Wildwood, creating riffles and side pools that are 
necessary to decrease temperature and increase dissolved oxygen. 
Replacement of gravel will also prevent the creek from incising and 
developing deep stagnant pools. The revegetation project will 
provide sources of large woody debris that help to create diverse 
channel unit types. The project objective is to increase riffle habitat 
by 30%. 

    Primary     

 Substrate The addition of gravel recovered from Lake Wildwood and from 
Yuba River sources will reduce the median substrate diameter to a 
diameter more suitable for salmon spawning. Diverse substrate will 
reduce incision and create more spawning bed habitat. The presence 
of large quantities of angular sediment from local sources will be 
mitigated by a combination of removal of angular gravel where 
practical and increased abundance of rounded pebbles more suitable 
for spawning habitat. Finally, the addition of diverse substrate will 
create more hyporheic flow by creating riffles and raising the bed 
elevation, resulting in reduced temperature and increased dissolved 
oxygen levels. The project objective is to reduce median substrate 
diameter by 25%. 

    Primary     

 Structure The proposed revegetation effort in the riparian zone below Lake 
Wildwood and along Squirrel Creek will replace low-lying invasive 
shrubs with native trees, resulting in local sources of large woody 
debris. Woody debris facilitates the creation of riffles and pools, and 
acts as a natural fish ladder. The project objective is to increase 
woody debris biomass by 100%.  

    Primary     

 Flow The gravel augmentation will affect the flow regime by raising the 
bed elevation, decreasing surface flow and increasing subsurface 
hyporheic flow. The revegetation will affect flow by providing a 
source of large woody debris which will create diverse channel unit 
types and an increase in riffles and sidepools. We will negotiate with 
Lake Wildwood and Nevada Irrigation District (NID) to make 
changes to their future management strategies that may include 
releasing colder water, reducing flow during the periodic dewatering 
by lengthening the timeframe, and ensuring that the summer release 
meets the minimum flow levels required under the terms of their 
permit. The project objective is to ensure that Lake Wildwood's 
spring, summer and fall flows meet their permitted requirements 
100% of the time.  

    Primary     

 Temperature The project will realize significant improvements to temperature. 
We plan to import gravel recovered from Lake Wildwood and from 
the Yuba River, to create riffles that have the capacity to reduce 
temperature and increase dissolved oxygen. We will work with Lake 
Wildwood to manage the summer release of water from a lower 
depth, so that colder water is entering the stream. We will work with 
landowners to fence grazing animals out of the riparian zone so that 

    Primary     
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native vegetation can become established, and will focus 
revegetation efforts on increasing the supply of native shade trees. 
The project objective is to reduce instances of lethal temperature 
peaks to zero.  

 Water Quality Water quality impacts are interconnected, with the lack of riparian 
vegetation and canopy contributing to high temperatures and the 
growth of excessive algae blooms, which in turn leads to large 
diurnal swings in pH and temperature. The proposed revegetation 
will increase canopy and overall biomass, thereby increasing the 
capacity to uptake the nutrients that feed algae blooms and reducing 
temperature and solar radiation, further reducing algae blooms. The 
reduction of algae blooms in turn will reduce pH and dissolved 
oxygen concentration swings. The gravel augmentation will raise 
bed elevation and create riffle habitat, with increased turbulence that 
increases dissolved oxygen concentrations. The gravel will also 
increase subsurface flow to provide a buffer against temperature 
spikes.  We will reduce algal biomass by 25%, and nutrients by 
25%. 

    Primary     

 Passage The project will include an effort to restore passibility to the falls a 
quarter mile from the Yuba confluence in order to regain four miles 
of salmon habitat on Deer Creek and up to 2.5 miles on Squirrel 
Creek. It is hypothesized that the falls have become excessively 
steep for a combination of human-caused reasons, including the lack 
of gravel that causes the creek to incise, and the geomorphological 
changes to the creek that were caused by intensive gold mining in 
the creek beginning in the Gold Rush. We plan to restore passibility 
by a combination of gravel augmentation to raise the streambed 
height and fall height reduction, by removing accumulated debris at 
the top of the falls. The project objective is to increase habitat range 
by 4 miles on Deer Creek and 2.5 miles on Squirrel Creek.  

    Primary     

 Riparian/Floodplain The project includes an extensive revegetation effort along 4.25 
miles of Deer Creek and an additional 3.2 miles of Squirrel Creek. 
The denuded areas will be replanted with native trees; invasive non-
natives will be removed and replaced with native vegetation; and 
grazing animals that compact the soil and eat the seedlings will be 
fenced away from the riparian zone. The gravel augmentation effort 
will prevent the creek from incising and will allow it to access its 
floodplain. Friends of Deer Creek's wide volunteer network and 
relationships with private landowners make us uniquely positioned 
to implement revegetation efforts on private land and to work with 
landowners to make beneficial changes to private land management 
practices.  We will reduce the total denuded area of the riparian zone 
from 33% to 15%. 

    Primary     
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V.  Project Objectives—Biological 
In this section, describe the objective(s) of your project relative to the goal of providing habitat for 
spring­run Chinook salmon and steelhead.  Indicate the species and life stage that are targeted by the 
project.  (It is okay to have more than one species/life stage target). 

Target Species:   Spring-Run Chinook Salmon Population Status 
Specific to Watershed: 

    Intermittent 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration   Adult Holding 

Description of Project Objectives: 

The objective of the project is to increase the proportion of Yuba River salmon found on Deer Creek by 5-10%. The 
habitat requirements for spring-run Chinook salmon will be addressed in the following manner by the proposed 
project:  

Adult Immigration: High temperatures deter adult salmon from entering their natal streams, and are a problem in 
Deer Creek for the reasons stated in III above. Our monthly monitoring data, available on our website, indicates that 
the temperature range in the creek is just above the upper limit of tolerable temperature range. High temperature 
peaks and extreme temperature swings will be addressed by revegetating to increase shade; by adding gravel to 
increase riffle habitat and hyporheic flows; and by working with Lake Wildwood management to release water in 
summer from lower and colder depths of the reservoir. Migrating salmon avoid streams with excessive turbidity. 
Deer Creek's turbidity is not excessive, but the revegetation project will address sediment loads by vegetating 
denuded banks to reduce erosion. We will also work with landowners to fence grazing animals away from the 
riparian zone, where they contribute to erosion by compacting the soil and eating seedlings. In order to expand the 
available habitat on Deer Creek beyond the current 1/4 mile, it is necessary to address the impassibility of Basher 
Falls and determine whether it can be made passible. A survey of the falls will examine pool depth to falls height 
ratio, vertical and horizontal distance, and whether an alternate route under the falls can be developed to facilitate 
fish passage.  

Spawning: The most significant variables affecting spawning habitat are substrate composition, cover, water quality 
and water quantity. In terms of water quantity, flow is impacted in Deer Creek by Lake Wildwood dam, with low 
summer flows and unnaturally high flows during the periodic dewatering. Suitable salmon spawning habitat 
requires sufficient but not excessive flow, and our work with Lake Wildwood will focus on ensuring that minimum 
summer flows are observed and that the duration of the dewatering is extended to allow a lower flow rate. 
Temperature provides an important cue for spawning salmon, with the ideal temperature range being 5.6-13.9 deg 
C. Timing of spawning must take into account the seasonal temperatures that affect subsequent incubation success 
rates - successful spawning requires suitable temperatures at just the right time. As outlined above in Adult 
Immigration, temperature impacts will be addressed by a combination of revegetation efforts, reservoir management 
strategies, and gravel augmentation. Of critical importance to spawning habitat is suitably-sized substrate, with 
salmon requiring gravel in the range of 1.3 to 10.2 cm. Up to 80% of the gravel should be in the range of 1.3 to 3.8 
cm, with the remainder up to 10.2cm. As outlined above, the targeted stretch of creek is gravel-starved as a result of 
the dam at Lake Wildwood that prevents the passage of gravel downstream. The gravel augmentation effort in this 
project will recover gravel from the reservoir and augment with purchased gravel from a Yuba River source in order 
to increase the ratio of suitable substrate. Finally, spawning salmon require adequate cover for shade and for 
protection from predators. Cover may be provided by overhanging vegetation, undercut banks, submerged 
vegetation, submerged objects such as logs and rocks, floating debris, deep water, turbulence, and turbidity. The 
project will include an extensive revegetation of the riparian zone focused on increasing native shade cover and 
providing a supply of large woody debris. 

Incubation: While spawning habitat is also incubation habitat, the needs of embryos during incubation differ from 
those of adults. Of particular importance is the quantity of fine sediment that can block oxygenated flow in the redds 
and restrict alevin movement. The revegetation will reduce fine sediment loads by restoring erosion-prone denuded 
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V.  Project Objectives—Biological 
areas. Dissolved oxygen concentrations also have an impact on incubating salmon, with low and medium DO levels 
corresponding to smaller, weaker and fewer alevins. DO concentrations are impacted by temperature, surface and 
intragravel water interchange, substrate permeability, and oxygen demand of organic material in the redd. The 
project will result in increases in dissolved oxygen levels by reducing water temperature through a combination of 
revegetation, gravel augmentation, and changes to reservoir management; reducing algae blooms by increasing 
riparian vegetation that will uptake nutrients and provide shade; increasing the proportion of gravels to fine 
sediment; and increasing riffle habitat and thereby increasing hyporheic flow. Incubation success is influenced 
strongly by temperature, with temperatures in the higher end of the ideal range greatly reducing the number of days 
until embryos hatch. Proposed temperature mitigations are as described under "Adult Immigration", above.  

Rearing: Abundance of juvenile salmon is impacted by a range of variables including vegetative cover, protection 
from predators, abundance of food sources, flow, water quality including DO concentrations and pH, temperature, 
competition, depth, velocity, and substrate. Project impacts to temperature, water quality, flow, substrate, and 
vegetative cover/protection from predators have been discussed in the above sections. The project will have a 
significant impact on macroinvertebrate habitat, with habitat improvements resulting from the revegetation and 
substrate improvements. Macroinvertebrates constitute the major food source for salmonids. Both suitably-sized 
substrate and large native trees and their woody debris are crucial in increasing macrinvertebrate populations and in 
providing protective cover to juvenile salmon.  
 

Target Species:   Steelhead Population Status 
Specific to Watershed: 

    Extirpated 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration 

Description of Project Objectives: 

The project objective is to return steelhead to Deer Creek. While steelhead were historically present in the 
watershed, it is thought they are no longer found here. The project impacts for spring-run chinook habitat will yield 
comparable benefits for steelhead. The temperature range for spawning steelhead is 3.9-9.4 deg C. There is 
considerable overlap in the ideal range for all habitat variables for salmon and steelhead, and the project will yield 
benefits that will accrue to both species. While steelhead are not currently present in Deer Creek because of habitat 
degradation, they are still present in the Yuba River in the vicinity of Deer Creek, and it is hoped that the project 
will restore Deer Creek's habitat to viability. 

 

VI.  Project Cost 
Capital Cost:   $75,000 for equipment 

Annual Operation and 
Maintenance Cost: 

 $174,000 annual operation costs for the project term of 3.25 years 

$275,000 annual maintenance costs  

Annual Operation and 
Maintenance Description: 

 For the 3.25 year term of the project, the project will salvage gravel from Lake 
Wildwood and purchase additional Yuba River gravel as needed; deposit the 
gravel below Lake Wildwood dam and at the falls annually; remove non-native 
riparian vegetation; revegetate with native vegetation; irrigate as needed; 
monitor and remove non-native vegetation; conduct meetings with Lake 
Wildwood Lake Committee to implement management changes; survey barriers 
to fish passage and remediate; implement monitoring program. 
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VI.  Project Cost 
Project Lifespan:   Funding is requested for the 3.25 year project term. Operating and maintenance 

activities are expected to be required indefinitely, as long as the dam at Lake 
Wildwood is present. Immediate benefits are expected in macroinvertebrate 
populations, as soon as suitable gravel is restored, with salmon and steelhead 
numbers showing an improvement within three years. Long term benefits in 
riparian vegetation will continue to accrue for the next ten years. 

Project Partners 
(Funding): 

 Nevada County Sanitation District #1, a compensatory mitigation imposed by 
California Department of Fish and Game. 

Project Partners 
(Maintenance): 

 Lake Wildwood Association will be maintenance project partners, providing 
salvaged gravel and other remedial actions in their management plan as 
developed in the scope of the project. 

 

VII.  Schedule 
Proposed Start:   September 2009 

Expected Time to 
Completion: 

 December 2012 

Expected Time to Realize 
Environmental Benefits: 

 2019 

Expected Time to Realize 
Biological Benefits: 

 December 2012 

 

VIII.  Feasibility 
Technical Feasibility:   The technical elements of the project include gravel augmentation, riparian 

revegetation, and barrier removal.  

The gravel augmentation element is feasible because we have convenient access 
for depositing gravel loads at Lake Wildwood dam, as well as a cooperative 
relationship with Lake Wildwood Lake Association who have granted us 
permission to access their land for this purpose. Lake Wildwood Association 
has been seeking solutions to the issue of gravel starvation in the lower reach, 
and is strongly supportive of efforts to recover gravel from the lake and place it 
below the dam. If the recovered gravel proves to be unsuitable or insufficient, 
we have identified an alternative source of gravel from the Yuba River, which 
can be trucked in to the site.  

The riparian revegetation effort is feasible because of our strong relationships 
developed over many years with landowners along the creek, some of whom are 
volunteers and monitors for our organization. We have secured formal consent 
to implement revegetation efforts from landowners of approximately one third 
of the land area along Deer Creek between Lake Wildwood and the Yuba 
confluence, and will continue working to secure additional permissions. Friends 
of Deer Creek has already completed a similar revegetation effort that involves 
the removal of non-natives and replacement with native trees and plants in an 
upstream reach, and has developed a method of incremental removal of 
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VIII.  Feasibility 
invasives to avoid exacerbating the erosion problem; revegetation in targeted 
sections that can outcompete the invasive vegetation; and gathering of native 
seedlings and cuttings from a variety of specimens in the project area in order to 
ensure genetic diversity and suitability. 

Barrier removal will consist primarily of a feasibility study to determine the 
best method of bypassing Basher Falls and implementation as appropriate. The 
effort to restore passibility by targeting gravel placement to elevate streambed 
height is made possible by good access at the falls, that will allow us to focus a 
specific "gardening"-style gravel placement at the site. The introduction of large 
numbers of native trees will restore the supply of large woody debris that in the 
past acted as a natural fishladder to facilitate fish passage. 

 

Technical Challenges:   Technical challenges remain in the restoration of passibility to the falls. 
Anecdotal evidence suggests that historically, salmon and steelhead were able 
to scale these falls and were found in the upper reaches of Deer Creek, but the 
falls are known to have been impassible since at least the 1920's, before the 
construction of Lake Wildwood dam. An initial study of the falls has shown 
that there is an access point at the bottom of the falls approximately 10" in 
diameter, and that it is possible that fish passage could be occur via this route 
instead of up the face of the falls. If fish passage cannot be restored, the habitat 
range will be limited to the first quarter mile of stream above the Yuba 
confluence, but riparian revegetation and gravel augmentation efforts would be 
implemented in the entire 4.25 mile stretch of the creek between Lake 
Wildwood and the confluence in order to realize greater temperature and pH 
improvements. 

The temperature peaks in the creek currently are lethal to spawning fish, and a 
primary goal of all elements of the project is to reduce temperature peaks and 
swings. The related projects below reveal that improvements in temperature 
suitability result from each planned remediation strategy, and taken together we 
believe that the project in its entirety will restore habitability. 

Related Projects:   All elements of the project have been successfully implemented in other 
waterways: 

Barrier Removal: In Puget Sound, when access to 145 rkm in the upper 
Skykomish River above Sunset Falls (a natural barrier) was provided, chinook 
and pink salmon penetrated the upper reaches of the basin, and their populations 
peaked in 15 and 25 years, respectively (Seiler 1991). 

Nutrient Uptake: The plan to plant native plants in denuded areas and as a 
replacement for non-native shrubs has been shown to result in a significant 
reduction in nutrient loads in the creek, with willows being extremely efficient 
at nutrient uptake (Byrd & Kelly 2006).  

Native Revegetion Benefits: A revegetation project in Mendocino County 
targeted at steelhead habitat restoration yielded significant temperature benefits, 
beneficial changes in channel morphology, and a supply of large woody debris 
within 10-20 years that was equal to that found on similar streams in mature 
forest (Opperman & Merenlender 2004). 

Gravel Augmentation: East Bay Municipal Utility District has implemented a 
series of gravel augmentation activities over several years in the Mokelumne 
River just below Comanche Dam. The augmentation has yielded multiple 
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VIII.  Feasibility 
benefits, including the immediate return of spawning Chinook salmon to two 
sites; a 12% increase in the quantity of suitably-sized gravels; increased 
dissolved oxygen and decreased temperatures; and macroinvertebrate 
populations in the new gravel that are equal to those found in established gravel 
(Bjornn & Reiser, Mokelumne).   

Ownership or Permitting 
Challenges: 

 We are fortunate to have developed harmonious relationships with several 
landowners along the creek and with Lake Wildwood. Therefore, it is not 
anticipated that land ownership issues will be a significant obstacle.  

We have applied for the following permits for this project: 

Army Corps of Engineers, Section 404 Permit 

Department of Fish and Game, Lake and Streambed Alteration Permit 

Central Valley Regional Water Quality Control Board, Water Quality 
Certification Section 401 Permit 

Conflicts with Cultural, 
Zoning, or Other Issues: 

 There are no known conflicts with cultural, zoning, or other issues. On the 
contrary, our close collaboration with the Tsi-Akim Maidu has revealed to us 
that the return of the salmon people to their ancestral lands is their highest 
priority, as indicated by their revival of the "Calling Back the Salmon" 
ceremony for the past few years in the fall. Efforts to restore salmon habitat are 
of paramount cultural importance. 

 

IX.  Project Support 
Supporting Entities:   The Tsi-Akim Maidu Tribe is supportive of the goals of this project. 

Support for elements of this project is implicit in the fact that in August 2008 the 
California Department of Fish and Game included Deer Creek on its list of 22 
priority streams for future instream work. The list was compiled and ranked 
based on input from Regional DFG staff, staff from the State Water Board, U.S. 
Fish and Wildlife Service, and the National Marine Fisheries Service, using the 
following criteria: 1) Presence of anadromous species; 2) likelihood that DFG 
flow recommendations would provide a high level of improvement; 3) 
availability of recent flow studies or other relevant data; and 4) the possibility of 
partners/willing landowners. T 

Cooperating Entities:   Lake Wildwood, Nevada County Sanitation District #1, and private property 
owners along the affected stretch of creek have all offered their formal 
cooperation, and support letters are available. 

Degree of Local Support:   Friends of Deer Creek enjoys a high degree of local support and places a priority 
on building cooperative relationships with all affected parties, private and public. 
Several homeowners along the creek have become volunteers and monitors; the 
city of Nevada City is currently partnering with us on an EPA-funded 
Brownfield Assessment of abandoned mines on city-owned land, and has 
provided us with low-rent office and lab space for the past decade; Lake 
Wildwood has collaborated with us on mulitple projects and, as a result of our 
collaboration, has modifed its management practices of the reservoir to take into 
account impacts to the creek; and we are developing an eight mile community 
trail along the creek, in partnership with several local groups, which promises to 
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IX.  Project Support 
be a highly valued local resource and  which has engendered much support and 
volunteer hours from a broad spectrum of the community. These relationships 
make it possible for us to accomplish many things that would be hard for a state 
agency to do, especially when access to private property is required as it is in this 
project. 

Known Opposition:   There is no known opposition to this project. 

 

X.  Supporting Documents 
Please provide a full reference for each citation used to support the information presented in this 
questionnaire. 

Baker, P.F., Speed, T.P., and F.K. Ligon. 1995. Estimating the influence of temperature on the survival of chinook 
salmon smolts (Oncorhynchus tshawytscha) migrating through the Sacramento - San Joaquin River Delta of 
California. Can. J. Fish. Aquatic. Sci 52:855-863. 

Bjornn, T.C. and D.W. Reiser. "Mokelumne River Spawning Habitat Improvement Project Monitoring". American 
Fisheries Society Special Publication, 1991. http://www.delta.dfg.ca.gov/AFRP/ 

Bjornn, T.C and D.W. Reiser. "Habitat Requirements of Salmonids in Streams." Influences of forest and rangeland 
management on salmonid fisheries and their habitats. W. Meehan (ed). American Fisheries Society Special 
Publication 19, 1991. 83-138.  

Broadmeadow, S. & Nisbet, T.R. 2004. The effects of riparian forest management on the freshwater environment: a 
literature review of best management practice. Hydrology and Earth System Sciences 8(3), 286–305. 

Byrd, Kristin B. and Maggi Kelly. Salt Marsh Vegetation Response To Edaphic And Topographic Changes From 
Upland Sedimentation In A Pacific Estuary. Department of Environmental Science Policy, and Management, 
University of California, Berkeley. Wetlands, Vol. 26, No. 3, September 2006, pp. 813–829.  

California Water Resources Control Board 
http://www.waterboards.ca.gov/tmdl/docs/303dlists2006/approved/BAK_Aug13thruOct30/state_06_303dlist.pdf 

Friends of Deer Creek. www.friendsofdeercreek.org/data.html  

Grant, Gordon et al. Potential effects of gravel augmentation on temperature in the Clackamas River, Oregon. A 
report prepared for Portland General Electric. 1 June, 2006 

Johnson, S.L. & Jones, J.A. 2000. Stream temperature responses to forest harvest and debris flows in western 
Cascades, Oregon. Canadian Journal of Fisheries and Aquatic Sciences 57, 30–39. 

Opperman, J.J. & Merenlender, A.M. 2004. The effectiveness of riparian restoration for improving instream fish 
habitat in four hardwood-dominated California streams. North American Journal of Fisheries Management 24, 822–
834.     

Poole, Geoffrey C. and Cara H. Berman. An Ecological Perspective on In-Stream Temperature: Natural Heat 
Dynamics and Mechanisms of Human-Caused Thermal Degradation. http://waterdata.usgs.gov/nwis/uv?11418500  

Seiler, D. 1991. Coho production potential above Snoqualmie Falls. Open File Report, 15 January 1991. Planning, 
Research, and Harvest Management Division. Washington Department of Fisheries, Olympia,WA. 

Yoshiyama, R. M., E. R. Gerstung, F. W. Fisher, and P. B. Moyle.  2001. Historical and present distribution of 
chinook salmon in the Central Valley. Pages 71-176 in R. Brown, ed. Contributions to the biology of Central Valley 
salmonids.  Fish Bulletin 179. 
http://wfcb.ucdavis.edu/www/Faculty/Peter/petermoyle/publications/CentralValleyChinook.pdf   
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X.  Supporting Documents 
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Definitions of Limiting Factors for Spring­Run Chinook Salmon and Steelhead 
Channel Form 
This attribute describes changes to the channel, including incision, aggradation, diking, armoring, and other 
modifications of the channel adversely affecting spring-run Chinook salmon and steelhead. 

Channel Unit Types 
Examples of geomorphic features of the channel that form habitat types for spring-run Chinook salmon and 
steelhead are pools, riffles, glides, and runs.  This attribute describes changes in the frequency and size of such 
features.  For example, removal of large wood may reduce the frequency of pools, presence of steps, or retention of 
gravel for riffles. 

Substrate 
This attribute describes changes in the composition of the substrate of the stream, including increase in fine 
sediment and lack of gravel recruitment. 

Structure 
This attribute describes the loss of structural elements in the stream such as large wood, boulders, undercut banks, 
and so on.  Loss of structure results in a simplification of the channel and influences Channel Form and Channel 
Unit Types. 

Flow 
This attribute addresses modification of the flow regime, including decrease in summer low flow, increased 
“flashiness,” and dewatering of the channel as a result of withdrawals. 

Temperature 
Change in water temperature can be attributable to human actions such as removal of riparian shading.  This 
attribute describes the increase in summer water temperature and the loss of temperature refugia (springs or 
groundwater) as a result of human actions. 

Water Quality 
This attribute pertains to the input to the stream of toxins or pollutants that produce adverse impacts on spring-run 
Chinook salmon or steelhead.  This can include chemical pollutants such as fertilizer and pesticides and nutrient 
sources such as cattle and feedlots. 

Passage 
This relates to the effect of impediments to adult or juvenile migration of spring-run Chinook salmon or steelhead, 
including dams, culverts, channel dewatering, and other structural and channel modifications.  Please describe the 
location of the passage impediment and describe the extent of impediment (i.e., a complete or partial blockage to 
migration). 

Riparian/Floodplain 
This attribute describes the loss of functionality of the riparian forest/vegetation and the connection of the stream to 
the floodplain during high water and flooding. 
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Population Condition Definitions for Section V. Project Objectives—Biological 
 

Increasing 
Adult returns of the target species to the watershed have generally been increasing over the last several years; 
expectations are that the species is displaying characteristics of a rebuilding or healthy population. 
 

Stable  
Adult returns of the target species to the watershed show no clear trend over the last several years. 
 

Decreasing 
Adult returns of the target species to the watershed are declining over the last several years; the decline in abundance 
is a cause of concern and characteristic of a potentially unhealthy population. 
 

Intermittent 
Adult returns of the target species are occasionally seen in the watershed, but there is no viable or sustained 
population in the basin. 
 

Extirpated 
The population has been eliminated from the watershed although the species was present in the past. 
 

Never Present 

The species has never been known to occur in the watershed. 
 
 



Appendix D2  
Questionnaire Received on the  

Antelope Creek Action 
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Questionnaire 

for  

Information on Potential Projects to Support Spring‐Run  
Chinook Salmon and Steelhead in the Sacramento River  

Basin for the Habitat Expansion Agreement 

DUE:  Friday, February 27, 2009 

Send completed questionnaires to hea@water.ca.gov 
 

I.  Contact Information 
Name:   Brenda Olson 

Organization:   U.S. Fish and Wildlife Service 

Address:   Red Bluff Fish & Wildlife Office, 10950 Tyler Road 

City, State, Zip Code:   Red Bluff, CA  96080 

Phone Number:   530-527-3043 x227 

Email Address:   Brenda_Olson@fws.gov 

 

II.  Project Description 
Project Name:   Antelope Creek Tehama Wildlife Area Paynes Crossing (fish passage) 

Reference No. or New:   NS-5 

Project Location:   CDFG Tehama Wildlife Area, Paynes (or Middle Slab) crossing, Ishi Road.  lat 
40.231639, long -121.885691.  Approximate elevation, 1290 ft. 

Project Description: 

The current road crossing is made of grate metal.  The stream bed on the downstream side of the structure has 
downcut.  Large boulders have been placed in the past to break up the velocity but that also filled in pools that 
spring Chinook may have used to get up and over the structure during low water years.  In addition, the substrate 
that once filled in the grate is being washed out so juveniles moving out of the system get strained through the 
structure.  This structure is a partial barrier, in that adults can navigate above it during high flows. 

This project will build a bridge to replace the current structure.  This will allow natural stream function in passage 
of fish, bedload, and localized narrowing of the channel where it has been impacted from the crossing impounding 
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II.  Project Description 
water/flow.   

The AFRP funded environmental compliance, permitting, and engineered design in 2008.  This project will be 
complete in 2009.  Construction could begin as early as 2010.  As part of the analysis, several different alternatives 
were looked at, however a bridge was the best option for fish, stream function, and human safety. 

 

III.  Species Limiting Factors 
In this section, describe the limiting factors for spring­run Chinook salmon and steelhead in your 
watershed.  The last page of this questionnaire defines the limiting factors. 

Limiting Factors  Description (from back page)  Rank 

 Channel Form Below Edwards dam, Antelope Creek divides into many different 
channels.  The water is divided into these channels, thereby 
stranding juvenile salmonids, and possibly delaying migration of 
adults, in low water years.  When Antelope Creek overflows into 
New Creek at the Edwards diversion dam, the water drains into 
another stream, Salt Creek.  This multi-channel issue is identified 
in the 2001 Final AFRP Restoration Plan as an Evaluation needing 
to be completed.  

   Critical 

 Channel Unit Types       Select Rank 

 Substrate       Select Rank 

 Structure       Select Rank 

 Flow Flow is an issue downstream of the Edwards dam.  In low water 
years the stream can be dry spring through fall.  What additional 
water rights occur downstream of the Edwards dam is unknown. 

   Critical 

 Temperature The temperature limiting factor is related to flow.  Temperatures 
become lethal in the valley floor once the air temperature rises and 
flow is diverted.  

    High     

 Water Quality       Select Rank 

 Passage Adult passage is affected by the multiple channels in the lower 
section, the amount of flow diverted at Edwards dam, and the 
partial barrier in the CDFG Tehama Wildlife Area.  In addition, 
juvenile passage is affected by the current crossing structure in the 
Tehama Wildlife Area, the lack of a bypass from the two diversion 
canals at Edwards dam, and the multiple channels below Edwards 
dam.   

   Critical 

 Riparian/Floodplain       Select Rank 

Source Documents: 

      

Additional Notes: 
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IV.  Project Objectives—Environmental 
In this section, describe how your project will affect one or more of the limiting factors for spring­run 
Chinook salmon or steelhead described above. 

Limiting Factor  Description and Objective  Focus 

 Channel Form By removing the current structure, and allowing natural bedload 
movement and the thalweg to establish, the channel will become 
narrower through the section just upstream of the structure.  
Currently the channel is relatively wide and slow moving during low 
flow. 

    Secondary     

 Channel Unit Types       Select Focus 

 Substrate       Select Focus 

 Structure       Select Focus 

 Flow       Select Focus 

 Temperature       Select Focus 

 Water Quality       Select Focus 

 Passage Removing the current structure and replacing the crossing with a 
bridge will allow passage at all flows and natural stream function.  
Adults will be able to access suitable holding and spawning habitat, 
increasing their survival. Depending on water year, the crossing 
delays or prevents upstream passage of adult spring chinook, and 
also entrains juvenile outmigrants. The past two spring Chinook 
salmon surveys (2007 & 2008) have found most, if not all, below 
this crossing.   

    Primary     

 Riparian/Floodplain       Select Focus 

 

V.  Project Objectives—Biological 
In this section, describe the objective(s) of your project relative to the goal of providing habitat for 
spring­run Chinook salmon and steelhead.  Indicate the species and life stage that are targeted by the 
project.  (It is okay to have more than one species/life stage target). 

Target Species:   Spring-Run Chinook Salmon Population Status 
Specific to Watershed: 

    Decreasing 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration   Adult Holding 

Description of Project Objectives: 

The objective is to remove the partial passage impediment and allow free passage of adult and juvenile spring 
Chinook salmon at all flows.  This will allow the adults to access suitable holding and spawning habitat which will 



Page 6 of 9 

V.  Project Objectives—Biological 
increase their survival. 
 

Target Species:   Steelhead Population Status 
Specific to Watershed: 

Relative to Historical 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration 

Description of Project Objectives: 

      

 

VI.  Project Cost 
Capital Cost:   It is estimated that the total construction cost will be around $700,000.  Due to 

the remote location, mobilization costs may be high.  In addition, finding a 
suitable borrow pit for bridge approaches may be spendy if material needs to be 
hauled any distance.  Currently, there is no suitable borrow pit identified. 

Annual Operation and 
Maintenance Cost: 

       

Annual Operation and 
Maintenance Description: 

       

Project Lifespan:   50+ years 

Project Partners 
(Funding): 

 USFWS - AFRP has funded the environmental documentation, permitting, and 
engineered design - $98,000. 

Project Partners 
(Maintenance): 

 CDFG 

 

VII.  Schedule 
Proposed Start:   2010 

Expected Time to 
Completion: 

 2010, one work season 

Expected Time to Realize 
Environmental Benefits: 

 immediately 

Expected Time to Realize 
Biological Benefits: 

 immediately 
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VIII.  Feasibility 
Technical Feasibility:   Nothing has been identified to date that would preclude building a bridge. 

Technical Challenges:   Remote location, depending on bridge dimensions some road work may need to 
occur (widening a few curves). 

Related Projects:   There is a project downstream that is addressing non-existant juvenile bypasses 
on 2 currently screened diversions. 

Ownership or Permitting 
Challenges: 

 Ownership is CDFG, fully supportive of the project. 

Conflicts with Cultural, 
Zoning, or Other Issues: 

 None identified at this point. 

 

IX.  Project Support 
Supporting Entities:   USFWS-AFRP, CDFG, NMFS 

Cooperating Entities:   CDFG, USFWS, NMFS 

Degree of Local Support:   High 

Known Opposition:   None 

 

X.  Supporting Documents 
Please provide a full reference for each citation used to support the information presented in this 
questionnaire. 

Environmental documents, permits, and designs should be done by late summer/early fall.  Available upon request. 

 USFWS.  2008.  Internal document of Limiting Factors developed for 10 year CVPIA Implementation Strategy. 
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Definitions of Limiting Factors for Spring­Run Chinook Salmon and Steelhead 
Channel Form 
This attribute describes changes to the channel, including incision, aggradation, diking, armoring, and other 
modifications of the channel adversely affecting spring-run Chinook salmon and steelhead. 

Channel Unit Types 
Examples of geomorphic features of the channel that form habitat types for spring-run Chinook salmon and 
steelhead are pools, riffles, glides, and runs.  This attribute describes changes in the frequency and size of such 
features.  For example, removal of large wood may reduce the frequency of pools, presence of steps, or retention of 
gravel for riffles. 

Substrate 
This attribute describes changes in the composition of the substrate of the stream, including increase in fine 
sediment and lack of gravel recruitment. 

Structure 
This attribute describes the loss of structural elements in the stream such as large wood, boulders, undercut banks, 
and so on.  Loss of structure results in a simplification of the channel and influences Channel Form and Channel 
Unit Types. 

Flow 
This attribute addresses modification of the flow regime, including decrease in summer low flow, increased 
“flashiness,” and dewatering of the channel as a result of withdrawals. 

Temperature 
Change in water temperature can be attributable to human actions such as removal of riparian shading.  This 
attribute describes the increase in summer water temperature and the loss of temperature refugia (springs or 
groundwater) as a result of human actions. 

Water Quality 
This attribute pertains to the input to the stream of toxins or pollutants that produce adverse impacts on spring-run 
Chinook salmon or steelhead.  This can include chemical pollutants such as fertilizer and pesticides and nutrient 
sources such as cattle and feedlots. 

Passage 
This relates to the effect of impediments to adult or juvenile migration of spring-run Chinook salmon or steelhead, 
including dams, culverts, channel dewatering, and other structural and channel modifications.  Please describe the 
location of the passage impediment and describe the extent of impediment (i.e., a complete or partial blockage to 
migration). 

Riparian/Floodplain 
This attribute describes the loss of functionality of the riparian forest/vegetation and the connection of the stream to 
the floodplain during high water and flooding. 
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Population Condition Definitions for Section V. Project Objectives—Biological 
 

Increasing 
Adult returns of the target species to the watershed have generally been increasing over the last several years; 
expectations are that the species is displaying characteristics of a rebuilding or healthy population. 
 

Stable  
Adult returns of the target species to the watershed show no clear trend over the last several years. 
 

Decreasing 
Adult returns of the target species to the watershed are declining over the last several years; the decline in abundance 
is a cause of concern and characteristic of a potentially unhealthy population. 
 

Intermittent 
Adult returns of the target species are occasionally seen in the watershed, but there is no viable or sustained 
population in the basin. 
 

Extirpated 
The population has been eliminated from the watershed although the species was present in the past. 
 

Never Present 

The species has never been known to occur in the watershed. 
 
 



Appendix D3  
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Questionnaire 

for  

Information on Potential Projects to Support Spring‐Run  
Chinook Salmon and Steelhead in the Sacramento River  

Basin for the Habitat Expansion Agreement 

DUE:  Thursday, April 30, 2009 

Send completed questionnaires to hea@water.ca.gov 
 

I.  Contact Information 
Name:   Tracy McReynolds 

Organization:   CA. Dept. of Fish and Game 

Address:   2545 Zanella Wy. Suite F 

City, State, Zip Code:   Chico, CA 95928 

Phone Number:   (530) 895-5111 

Email Address:   tmcreynolds@dfg.ca.gov 

 

II.  Project Description 
Project Name:   Iron Canyon Fish Ladder Rehabilitation Project 

Reference No. or New:   NS-13 

Project Location:   The Iron Canyon Fish Ladder is located in Iron Canyon, Upper Bidwell Park, on Big 
Chico Creek, northeast of Chico, CA, in Butte County.  The site is located near the 
Salmon Hole and Parking Lot P areas of Upper Bidwell Park, accessible from Upper 
Park Road, a gravel road that roughly parallels the creek, in T22N, R2E, and 
undesignated section of Arroyo Chico Land Grant. 

Project Description: 
A massive landslide in the early 1900’s blocked spring-run Chinook and steelhead access to holding and spawning 
habitat above Iron Canyon. In 1958 the California Department of Fish and Game (DFG) constructed the Iron 
Canyon Fish Ladder to provide access through the blocked area to the nine miles of habitat above Iron Canyon.  The 
ladder is now 50 years old and damage has made fish passage at low flows extremely difficult or impossible. 
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II.  Project Description 
The proposed project would repair existing weirs, expand and modify existing weirs, and install 6 new weirs at the 
Iron Canyon Fish Ladder (CSU, Chico Research Foundation 2008). The specific construction involves: 
• Pool deepening, at minimum of 0.1 feet to 2.1 feet. Excavation of pool sidewalls will be necessary, with large 
boulder-sized blocks potentially requiring partial or complete removal. Jack-hammer and/or drilling may be 
necessary for the large block removal. Excavated material does not require removal from the site and may be 
disposed of in adjacent, non-fishway pools. 
• Partial demolition of 18 existing weirs (Weirs 1 through 6, 6B, and 7 through 17). These weirs will then be 
encased in new reinforced concrete. 
• At the contractor’s discretion, existing weirs may also be entirely demolished and replaced with new weir design, 
rather than encased. 
• Installation of 6 new weirs (Weirs 1B, 5B, 7B, 8B, 8C, and 11B) constructed with reinforced concrete. 
• Installation of fabricated aluminum flashboards into finished weir slots. 
The purpose of the project is to improve adult spring-run Chinook and steelhead passage to holding and spawning 
habitat above Iron Canyon over a broader range of flows. 

 

 

III.  Species Limiting Factors 
In this section, describe the limiting factors for spring­run Chinook salmon and steelhead in your 
watershed.  The last page of this questionnaire defines the limiting factors. 

Limiting Factors  Description (from back page)  Rank 

 Channel Form       Select Rank 

 Channel Unit Types       Select Rank 

 Substrate       Select Rank 

 Structure       Select Rank 

 Flow Agricultural diversions in the Valley reach reduce flows impeding 
both upstream and downstream passage. 

    High     

 Temperature Reduced flows in the Valley reach increase water temperatures and 
can impact juvenile rearing conditions. 

    High     

 Water Quality       Select Rank 

 Passage The lower reaches have flood control structures and diversions that 
impede upstream passage when flow is low. 

    High     

 Riparian/Floodplain Flood control measures and land use (agricultural and urban) have 
degraded riperian habitats in the lower reaches 

    High     

Source Documents: 
Big Chico Creek Watershed Alliance. Big Chico Creek Existing Conditions Report. Publication date unknown. 

Available from http://www.bigchicocreek.org. 

Additional Notes: 
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IV.  Project Objectives—Environmental 
In this section, describe how your project will affect one or more of the limiting factors for spring­run 
Chinook salmon or steelhead described above. 

Limiting Factor  Description and Objective  Focus 

 Channel Form       Select Focus 

 Channel Unit Types       Select Focus 

 Substrate       Select Focus 

 Structure       Select Focus 

 Flow       Select Focus 

 Temperature       Select Focus 

 Water Quality       Select Focus 

 Passage The modification will allow the Iron Canyon Fish Ladder to function 
effectively at flows >= 100cfs.  The objective is to improve flow 
through the fish ladder to facilitate the upstream passage of spring-
run Chinook and steelhead over a broader range of flows (HDR and 
SAGE 2006). 

    Primary     

 Riparian/Floodplain       Select Focus 

 

V.  Project Objectives—Biological 
In this section, describe the objective(s) of your project relative to the goal of providing habitat for 
spring­run Chinook salmon and steelhead.  Indicate the species and life stage that are targeted by the 
project.  (It is okay to have more than one species/life stage target). 

Target Species:   Spring-Run Chinook Salmon Population Status 
Specific to Watershed: 

Relative to Historical 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration   Adult Holding 

Description of Project Objectives: 

In recent years, the estimated escapement of spring-run Chinook has been less than 200 however past estimates by 
DFG suggest that Big Chico Creek could support 1000 spring-run Chinook. Repairing the fish ladder would 
improve spring-run Chinook access to the existing habitat over a broader range of flows thereby increasing 
escapement in more years. Therefore, one purpose of this project is to increase escapement of spring-run Chinook in 
Big Chico Creek by improving upstream passage to summer holding, spawning and rearing habitat. 
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V.  Project Objectives—Biological 
Target Species:   Steelhead Population Status 

Specific to Watershed: 
Relative to Historical 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration 

Description of Project Objectives: 

Steelhead escapement to Big Chico Creek is currently unknown but historically steelhead were observed in Big 
Chico Creek. Improvements to the fish ladder would improve access to spawning and juvenile rearing habitat. 
Therefore another purpose of this project is to increase escapement of steelhead in Big Chico Creek by improving 
upstream passage to spawning and rearing habitat. 

 

VI.  Project Cost 
Capital Cost:   $1,727,151 (HDR 2007) 

Annual Operation and 
Maintenance Cost: 

 Unknown 

Annual Operation and 
Maintenance Description: 

 Removing accumulated debris and sediment from pools, installing/uninstalling 
flashboards, and monitoring movement or deterioration (HDR and SAGE 
2006). 

Project Lifespan:   The estimated lifespan of the ladder is 50 years (HDR and SAGE 2006). 

Project Partners 
(Funding): 

 USFWS-AFRP (design and environmental compliance). 

Project Partners 
(Maintenance): 

 DFG (for basic O&M only). 

 

VII.  Schedule 
Proposed Start:   Once permits and funding are secured (possibly June 2010). 

Expected Time to 
Completion: 

 One work season (June-September) 

Expected Time to Realize 
Environmental Benefits: 

 Immediate 

Expected Time to Realize 
Biological Benefits: 

 Immediate 
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VIII.  Feasibility 
Technical Feasibility:   An evaluation of Iron Canyon for the USFWS was conducted in 2006. Based on 

the results there was nothing identified geologically, seismically, structurally, or 
hydraulically to preclude construction of the ladder (HDR and SAGE 2006). 

Technical Challenges:   The work site is located in a steep-walled canyon so site access poses a 
challenge. There is also a low to moderate risk of a block topple or slide and/or 
compression failure of sections of the canyon walls. These challenges were 
addressed in the 2006 evaluation of Iron Canyon. 

Related Projects:   There are numerous restoration project on-going in Big Chico Creek to address 
passage issues with agricultural diversions and flood control stuctures in the 
lower portion of the watershed. In addition, a portion of the habitat upstream of 
Iron Canyon is protected by the Big Chico Creek Ecological Reserve owned by 
the California State University, Chico Research Foundation. 

Ownership or Permitting 
Challenges: 

 The property is owned by the City of Chico. The City of Chico intends to adopt 
a Mitigated Negative Declaration for the project. No permitting challenges are 
identified at this time. 

Conflicts with Cultural, 
Zoning, or Other Issues: 

 None identified at this time. There are some culutral concerns with cumulative 
impacts of projects within Big Chico Creek that are expected to be resolved. 

 

IX.  Project Support 
Supporting Entities:   Big Chico Creek Watershed Alliance (BCCWA) and CSU Chico Research 

Foundation. 

Cooperating Entities:   USFWS, DFG, and City of Chico. 

Degree of Local Support:   High at this time. 

Known Opposition:   None identified at this time. 

 

X.  Supporting Documents 
Please provide a full reference for each citation used to support the information presented in this 
questionnaire. 

CSU, Chico Research Foundation (2008). Iron Canyon Fish Ladder Rehabilitation Initial study/Mitigated Negative 
Declaration. SCH No. Pending. Prepared for CSU, Chico Research Foundation, USFWS, and City of Chico. 
August 4, 2008. Chico, CA. 
 
HDR (2007). USFWS - Iron Canyon Fish Ladder Project Construction Documents Project Manual. Prepared for 
USFWS. June 2007. Folsom, CA. 
 
HDR and SAGE (2006). Evaluation of Iron Canyon for Proposed Fish Ladder Structure Repair and Construction 
Final Report. Prepared for USFWS Chico, CA. May 2006. 
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X.  Supporting Documents 
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Definitions of Limiting Factors for Spring­Run Chinook Salmon and Steelhead 
Channel Form 
This attribute describes changes to the channel, including incision, aggradation, diking, armoring, and other 
modifications of the channel adversely affecting spring-run Chinook salmon and steelhead. 

Channel Unit Types 
Examples of geomorphic features of the channel that form habitat types for spring-run Chinook salmon and 
steelhead are pools, riffles, glides, and runs.  This attribute describes changes in the frequency and size of such 
features.  For example, removal of large wood may reduce the frequency of pools, presence of steps, or retention of 
gravel for riffles. 

Substrate 
This attribute describes changes in the composition of the substrate of the stream, including increase in fine 
sediment and lack of gravel recruitment. 

Structure 
This attribute describes the loss of structural elements in the stream such as large wood, boulders, undercut banks, 
and so on.  Loss of structure results in a simplification of the channel and influences Channel Form and Channel 
Unit Types. 

Flow 
This attribute addresses modification of the flow regime, including decrease in summer low flow, increased 
“flashiness,” and dewatering of the channel as a result of withdrawals. 

Temperature 
Change in water temperature can be attributable to human actions such as removal of riparian shading.  This 
attribute describes the increase in summer water temperature and the loss of temperature refugia (springs or 
groundwater) as a result of human actions. 

Water Quality 
This attribute pertains to the input to the stream of toxins or pollutants that produce adverse impacts on spring-run 
Chinook salmon or steelhead.  This can include chemical pollutants such as fertilizer and pesticides and nutrient 
sources such as cattle and feedlots. 

Passage 
This relates to the effect of impediments to adult or juvenile migration of spring-run Chinook salmon or steelhead, 
including dams, culverts, channel dewatering, and other structural and channel modifications.  Please describe the 
location of the passage impediment and describe the extent of impediment (i.e., a complete or partial blockage to 
migration). 

Riparian/Floodplain 
This attribute describes the loss of functionality of the riparian forest/vegetation and the connection of the stream to 
the floodplain during high water and flooding. 
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Population Condition Definitions for Section V. Project Objectives—Biological 
 

Increasing 
Adult returns of the target species to the watershed have generally been increasing over the last several years; 
expectations are that the species is displaying characteristics of a rebuilding or healthy population. 
 

Stable  
Adult returns of the target species to the watershed show no clear trend over the last several years. 
 

Decreasing 
Adult returns of the target species to the watershed are declining over the last several years; the decline in abundance 
is a cause of concern and characteristic of a potentially unhealthy population. 
 

Intermittent 
Adult returns of the target species are occasionally seen in the watershed, but there is no viable or sustained 
population in the basin. 
 

Extirpated 
The population has been eliminated from the watershed although the species was present in the past. 
 

Never Present 

The species has never been known to occur in the watershed. 
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Questionnaire 

for  

Information on Potential Projects to Support Spring‐Run  
Chinook Salmon and Steelhead in the Sacramento River  

Basin for the Habitat Expansion Agreement 

DUE:  Thursday, April 30, 2009 

Send completed questionnaires to hea@water.ca.gov 
 

I.  Contact Information 
Name:   Susan Strachan 

Organization:   CSU, Chico Research Foundtion 

Address:   Bldg 25, CSU Chico 

City, State, Zip Code:   Chico, CA  95928-0870 

Phone Number:   530-894-1308 

Email Address:   sstrachan@csuchico.edu 

 

II.  Project Description 
Project Name:   Iron Can yon Fish Ladder Rehabilitation 

Reference No. or New:   New 

Project Location:   Iron Canyo, Big Chico Creek, Chico, Butte County 

Project Description: 

Rehabilitate existing weirs and install new weirs to provide consistent access to holding and spawning habitat at low 
to moderate flows. 
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III.  Species Limiting Factors 
In this section, describe the limiting factors for spring­run Chinook salmon and steelhead in your 
watershed.  The last page of this questionnaire defines the limiting factors. 

Limiting Factors  Description (from back page)  Rank 

 Channel Form       Select Rank 

 Channel Unit Types       Select Rank 

 Substrate       Select Rank 

 Structure       Select Rank 

 Flow       Select Rank 

 Temperature Temperature below Iron Canyon lethal.      High     

 Water Quality       Select Rank 

 Passage Iron Canyon boulders obstruct adult passage in low to moderate 
flow years. Flood control structures can affect adult and juvenile 
passage.  

    High     

 Riparian/Floodplain Urban land use, agricultural land use and flood control 
modifications have degraded riparian habitat in valley reaches. 

    Medium     

Source Documents: 

Big Chico Creek Watershed Alliance, undated. 

Additional Notes: 

      

 

IV.  Project Objectives—Environmental 
In this section, describe how your project will affect one or more of the limiting factors for spring­run 
Chinook salmon or steelhead described above. 

Limiting Factor  Description and Objective  Focus 

 Channel Form       Select Focus 

 Channel Unit Types       Select Focus 

 Substrate       Select Focus 

 Structure       Select Focus 

 Flow       Select Focus 

 Temperature       Select Focus 

 Water Quality       Select Focus 

 Passage Project will restore adult passage at low and moderate flows to reach     Primary     
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IV.  Project Objectives—Environmental 
holding, spawning and rearing habitat. 

 Riparian/Floodplain       Select Focus 

 

V.  Project Objectives—Biological 
In this section, describe the objective(s) of your project relative to the goal of providing habitat for 
spring­run Chinook salmon and steelhead.  Indicate the species and life stage that are targeted by the 
project.  (It is okay to have more than one species/life stage target). 

Target Species:   Spring-Run Chinook Salmon Population Status 
Specific to Watershed: 

    Intermittent 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration   Adult Holding 

Description of Project Objectives: 

The estimated escapement of spring-run Chinook is highly variable, ranging from 0 in low flow years to almost 400 
in high flow years. Repairing the fish ladder would improve spring-run Chinook access to the existing habitat over a 
broader range of flows thereby increasing escapement in more years. Therefore one purpose of this project is to 
increase escapement of spring-run Chinook in Big Chico Creek by improving upstream passage to summer holding, 
spawning and rearing habitat. 
 

Target Species:   Steelhead Population Status 
Specific to Watershed: 

    Intermittent 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration 

Description of Project Objectives: 

Steelhead escapement to Big Chico Creek is currently unknown but historically steelhead were observed in Big 
Chico Creek. Improvements to the fish ladder would improve access to spawning and juvenile rearing habitat. 
Therefore another purpose of this project is to increase escapement of steelhead in Big Chico Creek by improving 
upstream passage to spawning and rearing habitat. 

 

VI.  Project Cost 
Capital Cost:   $2,114,218 (HDR, 2007, adjusted for 2010 construction costs, grant 

administration, public outreach and extended construction period for concrete  
curing) 

Annual Operation and 
Maintenance Cost: 

 unknown 
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VI.  Project Cost 
Annual Operation and 
Maintenance Description: 

 Routine operation and maintenance will include inspection, removal of debris, 
adjustment of flow where possible and small repair such as patching walls 
where broken or damaged, and other minor repairs necessary to keep fish 
moving through the ladder (DFG, personal communication) 

Project Lifespan:   50 years (HDR and Sage, 2006) 

Project Partners 
(Funding): 

 USFWS-AFRP (design and environmental compliance) 

Project Partners 
(Maintenance): 

 DFG (routine operation and maintenance as described above) 

 

VII.  Schedule 
Proposed Start:   Bid package fall, 2009, award April 2010, mobilize June 1, 2010 

Expected Time to 
Completion: 

 Complete in channel October 15, 2010, site restoration and contract complete 
Decemer, 2010 

Expected Time to Realize 
Environmental Benefits: 

 Spring, 2011 

Expected Time to Realize 
Biological Benefits: 

 Spring, 2011 

 

VIII.  Feasibility 
Technical Feasibility:   Project selected by agency technical team as preferred alternative (Department 

of Water Resources, 2002).  An evaluation of Iron Canyon for the USFWS was 
conducted in 2006. Based on the results there was nothing identified 
geologically, seismically, structurally, or hydraulically to preclude construction 
of the ladder (HDR and SAGE, 2006). 

Technical Challenges:   The work site is located in a steep-walled canyon so site access poses a 
challenge. There is also a low to moderate risk of a block topple or slide and/or 
compression failure of sections of the canyon walls. These challenges were 
addressed in the 2006 evaluation of Iron Canyon. 

Related Projects:   Agricultural pumps were moved from mouth of Big Chico to Sacramento River 
to protect juvenile outmigration.  Inflatable dam installed at 1-Mile on Big 
Chico Creek that can be adjusted to improve passage for spring run and 
steelhead. Ecological Reserve established that protects 4,000 acres of watershed 
and 4.5 miles of spring run stream habitat.  

Ownership or Permitting 
Challenges: 

 CEQA complete.  Permitting underway, expected to be complete by fall, 2009. 

Conflicts with Cultural, 
Zoning, or Other Issues: 

 Cultural resources survey documented no cultural conflicts.  Project is 
consistent with City of Chico planning documents. 
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IX.  Project Support 
Supporting Entities:   City of Chico, CSU, Chico Research Foundation, Big Chico Creek Watershed 

Alliance 

Cooperating Entities:   DFG, USFWS, NMFS 

Degree of Local Support:   High 

Known Opposition:   None 

 

X.  Supporting Documents 
Please provide a full reference for each citation used to support the information presented in this 
questionnaire. 

All documents except construction specifications can be found at 
http://www.bigchicocreek.org/nodes/aboutwatershed/projectsprograms/iron_canyon_fish_ladder.htm 

Big Chico Creek Watershed Alliance, undated.  Existing Conditions Report.  Chico, CA.  Undated. 

Department of Water Resources (2002).  Iron Canyon and Bear Hole Fish Passage Project on Big Chico Creek, 
Preliminary Engineering Technical Report.  Sacramento, CA. April 2002.   

HDR (2007). USFWS - Iron Canyon Fish Ladder Project Construction Documents Project Manual. Prepared for 
USFWS. June 2007. Folsom, CA. 

HDR and SAGE (2006). Evaluation of Iron Canyon for Proposed Fish Ladder Structure Repair and Construction 
Final Report. Prepared for USFWS Chico, CA. May 2006. 
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Definitions of Limiting Factors for Spring­Run Chinook Salmon and Steelhead 
Channel Form 
This attribute describes changes to the channel, including incision, aggradation, diking, armoring, and other 
modifications of the channel adversely affecting spring-run Chinook salmon and steelhead. 

Channel Unit Types 
Examples of geomorphic features of the channel that form habitat types for spring-run Chinook salmon and 
steelhead are pools, riffles, glides, and runs.  This attribute describes changes in the frequency and size of such 
features.  For example, removal of large wood may reduce the frequency of pools, presence of steps, or retention of 
gravel for riffles. 

Substrate 
This attribute describes changes in the composition of the substrate of the stream, including increase in fine 
sediment and lack of gravel recruitment. 

Structure 
This attribute describes the loss of structural elements in the stream such as large wood, boulders, undercut banks, 
and so on.  Loss of structure results in a simplification of the channel and influences Channel Form and Channel 
Unit Types. 

Flow 
This attribute addresses modification of the flow regime, including decrease in summer low flow, increased 
“flashiness,” and dewatering of the channel as a result of withdrawals. 

Temperature 
Change in water temperature can be attributable to human actions such as removal of riparian shading.  This 
attribute describes the increase in summer water temperature and the loss of temperature refugia (springs or 
groundwater) as a result of human actions. 

Water Quality 
This attribute pertains to the input to the stream of toxins or pollutants that produce adverse impacts on spring-run 
Chinook salmon or steelhead.  This can include chemical pollutants such as fertilizer and pesticides and nutrient 
sources such as cattle and feedlots. 

Passage 
This relates to the effect of impediments to adult or juvenile migration of spring-run Chinook salmon or steelhead, 
including dams, culverts, channel dewatering, and other structural and channel modifications.  Please describe the 
location of the passage impediment and describe the extent of impediment (i.e., a complete or partial blockage to 
migration). 

Riparian/Floodplain 
This attribute describes the loss of functionality of the riparian forest/vegetation and the connection of the stream to 
the floodplain during high water and flooding. 
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Population Condition Definitions for Section V. Project Objectives—Biological 
 

Increasing 
Adult returns of the target species to the watershed have generally been increasing over the last several years; 
expectations are that the species is displaying characteristics of a rebuilding or healthy population. 
 

Stable  
Adult returns of the target species to the watershed show no clear trend over the last several years. 
 

Decreasing 
Adult returns of the target species to the watershed are declining over the last several years; the decline in abundance 
is a cause of concern and characteristic of a potentially unhealthy population. 
 

Intermittent 
Adult returns of the target species are occasionally seen in the watershed, but there is no viable or sustained 
population in the basin. 
 

Extirpated 
The population has been eliminated from the watershed although the species was present in the past. 
 

Never Present 

The species has never been known to occur in the watershed. 
 
 



Appendix D4  
Questionnaire Received on the  

Battle Creek Actions 
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Questionnaire 

for  

Information on Potential Projects to Support Spring‐Run  
Chinook Salmon and Steelhead in the Sacramento River  

Basin for the Habitat Expansion Agreement 

DUE:  Friday, February 13, 2009 

Send completed questionnaires to hea@water.ca.gov 
 

I.  Contact Information 
Name:   Mike Berry 

Organization:   California Department of Fish and Game 

Address:   601 Locust Street 

City, State, Zip Code:   Redding, CA 96001 

Phone Number:   530-225-2131 

Email Address:   mberry@dfg.ca.gov 

 

II.  Project Description 
Project Name:   Battle Creek Restoration Project 

Reference No. or New:   B-1 and B-2. 

Project Location:   Tehama County, approximately 2 miles South of the town of Manton 

Project Description: 

Financial support of implementation of Phase 1(b) of the Battle Creek Restoration Project. Phase 1(b) includes a 
new tailrace connector from Inskip powerhouse to Coleman Canal and a water bypass channel near Inskip 
Powerhouse. This phase potentially includes removal of Coleman Diversion Dam, depending on the timing of the 
completion of Phase 2. The  project also includes financial support of implementation of Phase 2 of the Battle Creek 
Restoration Project.  Phase 2 includes removing Coleman Diversion Dam (if not completed in  Phase1(b)), South, 
Lower Ripley Creek Feeder, and Soap Creek Feeder Diversion Dams; installing screens and ladders on Inskip 
Diversion Dam; a tailrace connector from South Powerhouse to Inskip Canal and decommisioning South Canal.   

 



Page 4 of 9 

III.  Species Limiting Factors 
In this section, describe the limiting factors for spring­run Chinook salmon and steelhead in your 
watershed.  The last page of this questionnaire defines the limiting factors. 

Limiting Factors  Description (from back page)  Rank 

 Channel Form       Select Rank 

 Channel Unit Types       Select Rank 

 Substrate       Select Rank 

 Structure       Select Rank 

 Flow The flow in South Fork Battle Creek is reduced to 3-5 cubic feet 
per second (cfs) due to diversions for hydro-power, thus severely 
limiting habitat for all life stages of spring-run Chinook salmon and 
steelhead. 

   Critical 

 Temperature Because of the reduced flow, water temperatures increase to levels 
lethal to all life stages of spring-run Chinook salmon and steelhead 

    High     

 Water Quality       Select Rank 

 Passage The diversion dams have ladders that are to small or are in poor 
condition and therefore block spring-run Chinook salmon and 
steelhead access to approximately 16.3 miles of prime habitat.  

   Critical 

 Riparian/Floodplain       Select Rank 

Source Documents: 

Battle Creek Restoration Project EIS/EIR (2005), Battle Creek Salmon and Steelhead Restoration Plan (1999).  

Additional Notes: 

      

 

IV.  Project Objectives—Environmental 
In this section, describe how your project will affect one or more of the limiting factors for spring­run 
Chinook salmon or steelhead described above. 

Limiting Factor  Description and Objective  Focus 

 Channel Form       Select Focus 

 Channel Unit Types       Select Focus 

 Substrate       Select Focus 

 Structure       Select Focus 

 Flow When the project is completed flow will be increased downstream of 
Inskip Diversion Dam from the current 3-5 cfs up to 35-40 cfs. 
Upstream of Inskip Diversion Dam the flows will increase to natural 

    Primary     
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IV.  Project Objectives—Environmental 
flows because South Diversion Dam will have been removed. 

 Temperature The increased flow will lower the temperatures in Battle Creek to 
levels capable of supporting all life stages of  spring-run Chinook 
salmon and steelhead, including incubation of eggs. 

    Primary     

 Water Quality       Select Focus 

 Passage Removal of  two dams and a new fish ladder at Inskip Diversion 
Dam will allow access to 16.3 miles of prime spring-run Chinook 
and steelhead habitat that has not been used since the early 1900's 
when the hydro-electric projects were first built. Construction of a 
State and federally approved fish screen will allow safe passage of 
emmigrating juveniles passed the diversion canal. 

    Primary     

 Riparian/Floodplain The increased flow and additional nutrients from decaying salmon 
carcasses will likely result in  healthier riparian forest/vegetation. 

    Secondary     

 

V.  Project Objectives—Biological 
In this section, describe the objective(s) of your project relative to the goal of providing habitat for 
spring­run Chinook salmon and steelhead.  Indicate the species and life stage that are targeted by the 
project.  (It is okay to have more than one species/life stage target). 

Target Species:   Spring-Run Chinook Salmon Population Status 
Specific to Watershed: 

    Extirpated 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration   Adult Holding 

Description of Project Objectives: 

In the early 1900's several dams were built on Battle Creek as part of a hydro-electric power production project.  
The dams on South Fork Battle Creek diverted a majority of the water out of this tributary and blocked passage of 
adult spring-run Chinook salmon. Completing Phase 1(b) and Phase 2 of the project will restore water flow, 
temperature, and spring-run Chinook salmon access to16.3 miles of prime historic spring-run Chinook salmon 
habitat. Additionally the project will restore optimum water temperatures for egg incubation, juvenile rearing, and 
outmigrating smolts while screening the diversion will prevent emegrating juveniles from being drawn into the 
canal.   
 

Target Species:   Steelhead Population Status 
Specific to Watershed: 

    Intermittent 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration 

Description of Project Objectives: 

[Same as Above for Spring-Run Chinook Salmon] 
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VI.  Project Cost 
Capital Cost:   Phase 1(b) cost estimate is $26 million, Phase 2 cost estimate is $47 million, we 

are recommending approximately $30 million of HEA money that will be 
matched with other funds. 

Annual Operation and 
Maintenance Cost: 

 Not estimated 

Annual Operation and 
Maintenance Description: 

 Not estimated 

Project Lifespan:   Perpetuity 

Project Partners 
(Funding): 

 Possibly California Department of Fish and Game (CDFG), California Wildlife 
Conservation Board (WCB), California Department of  Water Resources 
(DWR), Pacific Gas and Electric Company (PG&E), and/or Bureau of 
Reclamation (Reclamation). 

Project Partners 
(Maintenance): 

 PG&E will own and maintain all of the improvements and related hydro-power 
facilities, and have agreed to maintain them in working order.   

 

VII.  Schedule 
Proposed Start:   Summer 2010 

Expected Time to 
Completion: 

 2-4 years 

Expected Time to Realize 
Environmental Benefits: 

 Immediately after completion. 

Expected Time to Realize 
Biological Benefits: 

 First winter and spring after completion, full benefit after a few generations of 
returning Chinook salmon and steelhead.  Spring-run Chinook salmon and 
steelhead are present in the drainage downstream of the dam, and are expected 
to occupy the newly opened habitat during their first adult migration event after 
completion. 

 

VIII.  Feasibility 
Technical Feasibility:   This project is very feasable, the feasability studies are complete, engineering 

and design is complete and the various environmental documents are complete. 

Technical Challenges:   None that have not been identified and adequately addressed. 

Related Projects:   North Fork Battle Creek restoration is scheduled to start in the Summer of 2009 
(Phase 1(a)) and will provide access and suitable habitat for spring-run Chinook 
salmon and steelhead to 11 miles of North Fork Battle Creek. 

Ownership or Permitting 
Challenges: 

 There is one landowner near Inskip Dam that is unhappy with various aspects of 
the project. PG&E continues to work with them to resolve the issues.  
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VIII.  Feasibility 
Conflicts with Cultural, 
Zoning, or Other Issues: 

 None known 

 

IX.  Project Support 
Supporting Entities:   DWR, Regional Water Quality Control Board, State Water Resources Control 

Board, The Nature Conservancy, Metropolitan Water District, Battle Creek 
Watershed Conservancy,  Nor-Cal Fishing Guides and Sportsman Assn., U.S. 
Forest Service, Lassen National Forest  

Cooperating Entities:   CDFG, PG&E, Reclamation, U.S. Fish and Wildlife Service, NOAA Fisheries. 

Degree of Local Support:   High 

Known Opposition:   Oasis Springs Lodge 

 

X.  Supporting Documents 
Please provide a full reference for each citation used to support the information presented in this 
questionnaire. 

Kier Associates. 1999. Battle Creek Salmon and Steelhead Restoration Plan. Prepared for the Greater Battle Creek 
Watershed Working Group. January. Sausalito, CA.  

Jones and Stokes. 2005. Battle Creek Salmon and Steelhead Restoration Project Final Environmental Impact 
Statement/Environmental Report. July. Sacramento, CA. 
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Definitions of Limiting Factors for Spring­Run Chinook Salmon and Steelhead 
Channel Form 
This attribute describes changes to the channel, including incision, aggradation, diking, armoring, and other 
modifications of the channel adversely affecting spring-run Chinook salmon and steelhead. 

Channel Unit Types 
Examples of geomorphic features of the channel that form habitat types for spring-run Chinook salmon and 
steelhead are pools, riffles, glides, and runs.  This attribute describes changes in the frequency and size of such 
features.  For example, removal of large wood may reduce the frequency of pools, presence of steps, or retention of 
gravel for riffles. 

Substrate 
This attribute describes changes in the composition of the substrate of the stream, including increase in fine 
sediment and lack of gravel recruitment. 

Structure 
This attribute describes the loss of structural elements in the stream such as large wood, boulders, undercut banks, 
and so on.  Loss of structure results in a simplification of the channel and influences Channel Form and Channel 
Unit Types. 

Flow 
This attribute addresses modification of the flow regime, including decrease in summer low flow, increased 
“flashiness,” and dewatering of the channel as a result of withdrawals. 

Temperature 
Change in water temperature can be attributable to human actions such as removal of riparian shading.  This 
attribute describes the increase in summer water temperature and the loss of temperature refugia (springs or 
groundwater) as a result of human actions. 

Water Quality 
This attribute pertains to the input to the stream of toxins or pollutants that produce adverse impacts on spring-run 
Chinook salmon or steelhead.  This can include chemical pollutants such as fertilizer and pesticides and nutrient 
sources such as cattle and feedlots. 

Passage 
This relates to the effect of impediments to adult or juvenile migration of spring-run Chinook salmon or steelhead, 
including dams, culverts, channel dewatering, and other structural and channel modifications.  Please describe the 
location of the passage impediment and describe the extent of impediment (i.e., a complete or partial blockage to 
migration). 

Riparian/Floodplain 
This attribute describes the loss of functionality of the riparian forest/vegetation and the connection of the stream to 
the floodplain during high water and flooding. 
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Population Condition Definitions for Section V. Project Objectives—Biological 
 

Increasing 
Adult returns of the target species to the watershed have generally been increasing over the last several years; 
expectations are that the species is displaying characteristics of a rebuilding or healthy population. 
 

Stable  
Adult returns of the target species to the watershed show no clear trend over the last several years. 
 

Decreasing 
Adult returns of the target species to the watershed are declining over the last several years; the decline in abundance 
is a cause of concern and characteristic of a potentially unhealthy population. 
 

Intermittent 
Adult returns of the target species are occasionally seen in the watershed, but there is no viable or sustained 
population in the basin. 
 

Extirpated 
The population has been eliminated from the watershed although the species was present in the past. 
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Central Valley Spring‐Run Chinook Salmon 
and Steelhead in the Sacramento River 

Basin Background Report 

Introduction 
Effective November 20, 2007, Pacific Gas and Electric Company (PG&E) and the California 
Department of Water Resources (DWR) entered into the Habitat Expansion Agreement (HEA) with 
the following parties:  American Rivers, Arthur G. Baggett, Jr. (signing as a recommendation to the 
California State Water Resources Control Board [State Water Board]), California Department of Fish 
and Game (CDFG), U.S. Department of Agriculture Forest Service (Forest Service), U.S. Department of 
Commerce National Marine Fisheries Service (NMFS), U.S. Fish and Wildlife Service (USFWS), and 
State Water Contractors, Inc.  Under the agreement, PG&E and DWR have 2 years to jointly identify, 
evaluate, and select the most promising and cost‐effective action(s) to expand spawning, rearing, 
and adult holding habitat for spring‐run Chinook salmon and steelhead in the Sacramento River 
basin, as an alternative to the Resource Agencies and other parties seeking project‐specific fish 
passage prescriptions or license conditions in the New Project Licenses for PG&E’s Upper North 
Fork Feather River Project (Federal Energy Regulatory Commission [FERC] Project No. 2105) and 
Poe Project (FERC Project No. 2107) and DWR’s Oroville Facilities Project (FERC Project No. 2100). 

The purpose of this Central Valley Spring­Run Chinook Salmon and Steelhead in the Sacramento River 
Basin Background Report (Background Report) is to provide background information on the status 
of spring‐run Chinook salmon and Central Valley steelhead populations throughout watersheds in 
the Sacramento River basin.  The information synthesized in the report will be used to support 
PG&E and DWR in identifying, evaluating, and selecting potential habitat expansion actions, to fulfill 
their obligations under the HEA.   

Central Valley Spring‐Run Chinook Salmon 

Listing Status 
In 1999, NMFS listed the Central Valley spring‐run Chinook salmon evolutionarily significant unit 
(ESU) as threatened under the federal Endangered Species Act (ESA) (NMFS 1999).  The Central 
Valley ESU includes all naturally spawned populations in the Sacramento River, tributaries of the 
Sacramento River, and the Feather River (DWR 2007).  In 2005, NMFS published a final listing 
determination for Central Valley spring‐run that added Feather River Hatchery spring‐run to the 
designation (DWR 2007).  In 2005, NMFS published the final designation of critical habitat, which 
includes the Sacramento, lower Feather, and Yuba Rivers; and Beegum, Battle, Clear, Cottonwood, 
Antelope, Mill, Deer, Butte, and Big Chico Creeks (DWR 2007). 
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General Life History 
Central Valley spring‐run Chinook salmon generally leave the ocean and enter the Sacramento River 
from March to July as immature fish.  Once they arrive at the spawning grounds, spring‐run adults 
mature over the summer and spawn between late August and early October (NMFS 2002).  
Historically, spring‐run adults ascended to higher elevation reaches to avoid excessive summer 
temperatures during this holding period (Healey 1991).  Spring‐run Chinook spawn in gravel beds 
located at the tails of holding pools (USFWS 1995).  The eggs are deposited in the gravel, where 
incubation, hatching, and emergence occur. 

The emergence of spring‐run fry occurs from November to March, depending on water 
temperatures (CDFG 1998).  Central Valley spring‐run Chinook exhibit both of the freshwater life 
history types described by Healey (1991).  The stream­type Chinook reside in freshwater for a year 
or more following emergence, and the ocean­type Chinook salmon migrate to the ocean within their 
first year.  The fry use shallow, nearshore areas with slow current and good cover (CDFG 1998).   

Higher elevation streams such as Mill and Deer Creeks generally have a higher proportion of spring‐
run exhibiting the stream‐type life history.  The proportion varies annually depending on stream 
conditions (Harvey‐Arrison pers. comm.).  These juveniles spend 9 to 10 months in their natal 
streams and up to 18 months in freshwater (USFWS 1995, CDFG 1998).  In lower elevation streams 
such as Butte Creek, the juveniles exhibit more of an ocean‐type life history with a higher proportion 
of the production leaving the tributaries from December to February (CDFG 2000).  These young‐of‐
the‐year (YOY) Chinook may rear in the bypasses, the lower Sacramento River, and the Sacramento‐
San Joaquin River Delta (Delta) until ready to enter the ocean.  CDFG conducted a life history 
investigation on Butte Creek from 1995 to 2003 and found that spring‐run that emigrated from the 
creek as yearlings contributed greatly to the ocean harvest rate, suggesting that yearlings survive at 
higher rates than YOY (CDFG 2004b).   

In general, Chinook salmon spend between 1 and 4 years in the ocean before returning to spawn 
(Myers et al. 1998).  Fisher (1994) estimated that 87% of spring‐run Chinook return as 3‐year‐olds 
based on data collected at Red Bluff Diversion Dam.  In another study, Cramer and Demko (1997) 
estimated that 80 to 90% of the spring‐run smolts from the Feather River Hatchery matured at age 4 
and that 85% of those fish were harvested by the time they reached age 4.  Based on data from the 
life history investigation, CDFG found that age 4 fish can make up a high percentage of the 
escapement in some years, ranging from 44 to 89% (CDFG 2004a).  These numbers were calculated 
using coded‐wire tag data that were standardized for release size.  

Historical Distribution 
Yoshiyama et al. (2001) provided a narrative description of the historical distributional limits and 
abundances of Chinook within the Central Valley watersheds.  Schick et al. (2005) expanded on this 
work using a geographic information system (GIS) to add more explicit spatial information.  They 
grouped spring‐run into four diversity units:  (1) upper Sacramento spring‐fed (Little Sacramento, 
Pit, Fall, Hat, McCloud, Battle, Mill, and Deer Creeks); (2) upper Sacramento rain driven (Butte, Big 
Chico, Antelope, Clear, Cottonwood/Beegum, Thomes, and Stony Creeks); (3) lower Sacramento‐San 
Joaquin northern Sierra (Feather, Yuba, and American Rivers); and (4) lower Sacramento‐San 
Joaquin southern Sierra (Mokelumne, Stanislaus, Tuolumne, Merced, San Joaquin, and Kings Rivers).   
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Lindley et al. (2007) divided spring‐run into slightly different diversity units: (1) basalt and porous 
lava (Little Sacramento, Pit, Fall, Hat, McCloud and Battle Creeks); (2) Northern Sierra Nevada (Mill, 
Deer, Antelope, Butte, and Big Chico creeks and Feather, Yuba, American, and Mokelumne Rivers; 
(3) Northwestern California (Clear, Cottonwood/ Beegum, Thomes, and Stony Creeks); and 
(4) Southern Sierra Nevada (Stanislaus, Tuolumne, Merced, San Joaquin, and Kings Rivers).   

This Background Report relies heavily on the historical distribution of spring‐run and steelhead 
information presented in Yoshiyama et al. (2001) and Schick et al. (2005).  Because the HEA 
specifies that the target of habitat expansion actions is the Sacramento River basin, this report 
addresses only the first three diversity units described by Schick et al. (2005).   

In the upper Sacramento spring‐fed unit, spring‐run Chinook could have accessed approximately 
43 kilometers (km) (27 miles) of habitat in the Pit River, 11.5 km (7 miles) in the Fall River, 3.5 km 
(2 miles) in Hat Creek, and 25 km (15.5 miles) in the McCloud River prior to the construction of 
Shasta Dam (Schick et al. 2005).  The Pit River was a “noted salmon stream” in the late 1800s, but a 
substantial decline occurred prior to 1929 (Yoshiyama et al. 2001).  Both the Fall River and Hat 
Creek are tributaries of the Pit River and were noted to support spring‐run spawning, but not to the 
same extent as Pit River (Yoshiyama et al. 2001).  Yoshiyama et al. (2001) noted that access to all of 
the tributaries was impeded by gold mining and irrigation activities prior to the construction of 
Shasta Dam.   

For the tributaries below Shasta Dam, spring‐run Chinook could have accessed approximately 26 km 
(16 miles) of habitat in Battle Creek (including both the North and South Forks), 25 km (15.5 miles) 
in Mill Creek, and 20.5 km (13 miles) in Deer Creek (Schick et al. 2005).  All three of these tributaries 
naturally provided spatial separation between spring‐run and fall‐run (Yoshiyama et al. 2001).  
Reynolds et al. (1993) noted that surveys conducted prior to the construction of Shasta Dam 
indicated that Battle Creek could support 1,800 spawning pairs in the reaches above the Coleman 
National Fish Hatchery.  By the 1920s, spawning reaches on both the North and South Forks were 
blocked by diversion dams associated with hydroelectric projects, which also altered streamflows.  
Clark (1929) noted that a small spring run still existed above the U.S. Bureau of Fisheries egg‐
collecting station and hatchery.  By the 1980s, however, very few if any spring‐run Chinook were 
observed in Battle Creek (Campbell and Moyle 1990).  Spring‐run Chinook have been observed in 
both Cow Creek and Bear Creek in low numbers (CH2M Hill 1998).  Both creeks are predominantly 
rain fed and were probably used by spring‐run only in years with above‐normal rainfall (CH2M Hill 
1998).   

Mill Creek supported rather “large” runs of spring‐run Chinook with few human‐made obstacles, 
mainly diversion dams near the valley floor (Yoshiyama et al. 2001).  Escapement ranged from <500 
to 3,000 fish between 1947 and 1959 (Fry 1961).  Overall, the trend was downward between the 
1940s and the 1980s, from an annual average of 2,000 to about 300 fish (CDFG 1990).   

Deer Creek also had a strong population of spring‐run until diversion dams were built and reduced 
instream flows (Clark 1929).  Habitat in Deer Creek was expanded by about 5 miles above Lower 
Deer Creek Falls in the early 1940s to mitigate for the construction of Shasta Dam (Needham et al. 
1941).  Deer Creek has adequate habitat to support a sustainable population of 4,000 spring‐run but 
insufficient flows can impede or prevent upstream passage (Reynolds et al. 1993).  Like Mill Creek, 
escapement ranged from <500 to 4,000 fish between 1940 and 1956 (Fry 1961).  The escapement 
decreased between the 1940s and the 1990s from an average annual of 2,200 to 660 fish 
(Yoshiyama et al. 2001).   



California Department of Water Resources  Background Report 
 

 
  

4 
November 2009

 

For the east side tributaries in the upper Sacramento rain‐fed unit, spring‐run Chinook had access to 
approximately 14.5 km (9 miles) of habitat in Antelope Creek, 29 km (18 miles) in Butte Creek, and 
11 km (7 miles) in Big Chico Creek (Schick et al. 2005).  Access and use of these tributaries have 
been limited by water diversions since the 1920s (Yoshiyama et al. 2001).   

Antelope Creek historically supported a low number of spring‐run Chinook with an estimated 
escapement of approximately 500 fish (Reynolds et al. 1993).  Reynolds et al. (1993) noted that 
operations of two water diversions during the irrigation season impede or prevent the upstream 
migration of spring‐run in most years.  Big Chico Creek also supported low numbers of spring‐run 
and was primarily used opportunistically (Reynolds et al. 1993).  Reynolds et al. reported that the 
population was <500 during the 1950s and 1960s, and dropped to <200 fish in the 1990s.  Butte 
Creek historically supported the largest population of the three tributaries but was heavily impacted 
by water diversions, dams, and weirs by the 1920s (Clark 1929).  CDFG (1960) reported adults still 
being lost to unscreened diversions as late as 1958 to 1960.  Extensive mining and hydroelectric 
development also reduced the amount of suitable habitat in the watershed (Hanson et al. 1940).  
Escapement ranged from <500 to 3,000 fish in the 1950s but dropped to 100 to 700 fish by the early 
1990s (Fry 1961, CDFG 1998).   

The west‐side tributaries of the Sacramento River, including Clear Creek, Cottonwood/Beegum 
Creek, Thomes Creek, and Stony Creek, also provided some suitable habitat for spring‐run 
(Yoshiyama et al. 2001).  Clear Creek provided approximately 15 km (9 miles) of suitable habitat 
while Cottonwood Creek provided 10 km (6 miles) and Stony Creek 28 km (17 miles) (Schick et al. 
2005).  These creeks, along with a dozen other small tributaries, occasionally supported small runs 
of <500 fish (Fry 1961).  Low flows associated with irrigation noticeably affected both passage and 
water temperatures for spring‐run by the late 1920s (Clark 1929).   

Three river systems in the lower Sacramento‐San Joaquin Northern Sierra unit drain into the 
Sacramento River:  the Feather, Yuba, and American Rivers.  All three river drainages historically 
supported a substantial number of spring‐run Chinook in their upper watersheds (Yoshiyama et al. 
2001).  Extensive mining, irrigation, and the development of hydroelectric dams significantly 
reduced the amount of suitable habitat in all three drainages (Yoshiyama et al. 2001).  Schick et al. 
(2005) estimated approximately 114 km (71 miles) of suitable habitat for spring‐run in the Feather 
River.  Spring‐run used all four major tributaries of the Feather River but primarily used the Middle 
Fork for spawning (CDFG 1952, Fry 1961, DWR 2007).  Hydropower dams and other structures 
blocked much of the historical habitat prior to the construction of Oroville Dam in 1967, which 
formed a complete barrier for migration into the upper watershed.   

The Yuba River contributed 19.5 km (12 miles) of habitat.  Much of this habitat was seriously 
impacted by both diversion dams and mining activities starting in the late 1800s (Schick et al. 2005, 
Reynolds et al. 1993).  Most of the available habitat was found on the North Fork, but the Middle and 
South Forks also were used by spring‐run (Yoshiyama et al. 2001).  Yoshiyama et al. (2001) noted 
that access to all forks was greatly impeded by Daguerre Point Dam around 1910 and was blocked 
completely with the completion of Englebright Dam in the late 1930s.   

The American River contributed an additional 80.5 km (50 miles) of suitable habitat historically, but 
access to this habitat was impeded by construction of diversion dams and was completely blocked in 
1955 by completion of Folsom and Nimbus Dams.  Prior to completion of these dams, spring‐run 
used all three forks of the American River.  Spring‐run likely used the North Fork up to the falls at 
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Royal Gorge, the Middle Fork up to the confluence with the Rubicon River, and the South Fork up to 
the waterfall at Eagle Rock (Yoshiyama et al. 1996).  

Current Distribution 
In the upper Sacramento spring‐fed unit, spring‐run Chinook no longer have access to the Pit River, 
the Fall River, Hat Creek, the McCloud River, or the Little Sacramento River due to construction of 
Shasta Dam (Schick et al. 2005).  For the tributaries below Shasta Dam, spring‐run Chinook access to 
Deer and Mill creeks remains essentially unchanged.  However, much of the historical habitat on 
Battle Creek is no longer accessible (Schick et al. 2005).  Approximately 2.9 km (2 miles) of habitat 
on the mainstem remains accessible, but access is blocked on both the North and South Forks.  

For both the east‐side and west‐side tributaries of the Sacramento River in the upper Sacramento 
rain‐fed unit, the amount of available habitat for spring‐run Chinook remains essentially the same 
(Schick et al. 2005).  However, access and use of these tributaries are limited by water diversions.  
Spring‐run habitat on Stony Creek was blocked due to construction of Black Butte Reservoir and is 
no longer used by spring‐run Chinook (Reynolds et al. 1993).  In all of the other tributaries, except 
Butte Creek, only remnant spring‐run populations remain (Yoshiyama et al. 2001).  The Butte Creek 
population has been increasing over the last decade due to passage improvements made in the late 
1990s (CDFG 2004b). 

In the lower Sacramento‐San Joaquin Northern Sierra unit, much of the historical habitat is blocked 
by dams.  On the Feather River, only 35 km (22 miles) of habitat on the mainstem below Oroville 
Dam remains, and there is no spatial or temporal separation between spring‐run and fall‐run 
Chinook (Schick et al. 2005).  This has resulted in the hybridization of the two runs from in‐river 
spawning and past hatchery operations (Yoshiyama et al. 2001).  However, an early‐returning 
population persists within both the Feather and Yuba Rivers and is supported by Feather River 
Hatchery operations (Yoshiyama et al. 2001, DWR 2007, Lindley et al. 2007).  On the Yuba River, 
most of the historical habitat was blocked by construction of Daguerre Point and Englebright Dams.  
Access to the North Yuba, Middle Yuba, and South Yuba Rivers is blocked, leaving about 12 km 
(7.5 miles) of spawning habitat on the lower Yuba River below Englebright Dam (Schick et al. 2005).  
The Yuba River has experienced the same problem with hybridization between spring‐run and fall‐
run due to the lack of spatial and temporal separation (Yoshiyama et al. 2001).  There is no suitable 
habitat for spring‐run on the American River below Nimbus Dam. 

Population Viability Assessment 
In 2000, NMFS published a technical memo describing the viable salmonid population (VSP) concept 
and providing guidance for determining the conservation status of populations (McElhany et al. 
2000).  Lindley et al. (2007) built upon that work and developed a more quantitative framework for 
assessing the viability of Chinook and steelhead ESUs in the Central Valley.   

McElhany et al. (2000) defined a viable salmonid population as an independent population that has 
a negligible risk of extinction over a 100‐year time frame, where an independent population has one 
or more local breeding units whose dynamics are not substantially altered by exchanges of 
individuals with other populations.  McElhany et al. used four parameters (abundance, population 
growth rate, population spatial structure, and diversity) to evaluate population viability status.  The 
following discussion of the four parameters is drawn from their report. 
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According to the abundance VSP guidelines, a viable population size would meet the following 
criteria:  (1) large enough to have a high probability of surviving environmental variation 
comparable to what has been observed in the past and expected in the future; (2) large enough for 
compensatory processes to provide resilience; (3) large enough to maintain genetic diversity over 
the long term; (4) large enough to provide important ecological functions throughout its life cycle; 
and (5) population estimates on average are above the population targets over a period of time.  If 
the population size meets any of the following critical size guidelines, it cannot be considered viable: 
(1) depensatory processes are likely to reduce it below replacement; (2) risk of inbreeding or 
fixation of deleterious mutations; (3) high risk of productivity variation due to demographic 
stochasticity (population highly unpredictable); or (4) population estimates on average are below 
the population targets over a short period of time.   

When estimates of population growth rates indicate that a population is consistently failing to 
replace, the risk of extinction is increased regardless of the cause.  McElhany et al. (2000) focused on 
the population growth rate over the entire life cycle but noted that it is also important to estimate 
stage‐specific productivity when evaluating population viability.  Even if stage‐specific declines do 
not result in a reduction in the total population, they may indicate a lack of resilience to variation.  
On the other hand, a viable population would meet the following population growth rate VSP 
guidelines: (1) natural productivity is sufficient to maintain abundance above the viable level 
(cohort‐replacement rate ≥ 1); (2) if the population includes naturally spawning hatchery fish, the 
productivity of the naturally produced spawners is sufficient to maintain abundance at or above 
viability thresholds without the hatchery subsidy; (3) productivity is sufficient during freshwater 
life history to maintain a viable abundance even during poor ocean conditions; (4) does not exhibit 
sustained declines that span multiple generations and multiple brood‐year cycles; (5) does not 
exhibit trends or shift in traits (i.e., the size and age of spawners) that portend declines in the 
growth rate; and (6) has an adequate time series of abundance to detect ecologically significant 
trends before substantial changes to abundance have occurred.  

The spatial structure guidelines address both the geographic distribution of individuals and the 
processes that generate that distribution.  Because a population’s structure depends on habitat 
quality, spatial configuration, dynamics, and the dispersal characteristics of the individuals the VSP 
guidelines include (1) habitat patches that are not destroyed faster than they are naturally created; 
(2) natural straying rates among subpopulations is not be substantially increased or decreased by 
human actions; (3) some suitable or marginally suitable habitat patches that currently contain no 
fish are maintained; (4) source subpopulations are maintained; and (5) historical spatial processes 
are preserved as a default goal. 

Diversity (i.e., variation in traits) within and among populations is important for population 
viability.  Salmon traits such as anadromy, morphology, fecundity, run timing, spawn timing and 
behavior, juvenile behavior, age at smolting and maturity, egg size, developmental rate, ocean 
distribution, and genetic characteristics allow for considerable diversity.  Nevertheless, any actions 
that affect basic demographic and evolutionary processes can affect a population’s diversity.  
Diversity guidelines for a viable population include (1) variation in traits such as run timing, age 
structure, size, fecundity, morphology, behavior, and molecular genetic characteristics that are not 
substantially altered by human‐caused factors; (2) natural processes of dispersal are maintained 
and human‐caused factors do not substantially change the gene flow rate among populations; 
(3) natural processes that cause ecological variation are maintained; and (4) historical phenotypic 
diversity is used as a default goal in maintaining viable populations.  
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McElhany et al. (2000) also developed guidelines for assessing the viability of ESUs.  The guidelines 
are (1) the ESU has multiple populations; (2) some populations are geographically widespread; 
(3) some populations are geographically close; (4) populations do not all share common 
catastrophic risks; (5) populations display diverse life histories and phenotypes; (6) some 
populations exceed VSP guidelines; and (7) historical number and distribution of populations are 
used as a default goal for maintaining viable ESUs. 

Using a criteria‐based assessment, Lindley et al. (2007) found that the Central Valley spring‐run ESU 
is not viable because only a small portion of the historical ESU is represented and the remaining 
populations are vulnerable to catastrophic disturbance.  However, those existing populations are at 
low risk of extinction.  Lindley et al. (2007) identified four ecoregions within the ESU historically:  
(1) basalt and porous lava region; (2) northern Sierra Nevada region; (3) southern Sierra Nevada 
region; and (4) Northwestern California region.  The only viable spring‐run Chinook populations 
remaining are in the northern Sierra Nevada region (Butte, Mill, and Deer Creeks).  This current 
distribution leaves the ESU vulnerable to catastrophic disturbances from volcanic activity (Mt. 
Lassen), drought, and wildfires. 

Butte Creek and Deer Creek spring‐run populations satisfied both the population viability 
assessment (PVA) and other viability criteria putting them at low risk of extinction while Mill Creek 
is at moderate risk of extinction based on the PVA but satisfies other viability criteria (Lindley et al. 
2007).  Some uncertainty remains about whether Mill and Deer Creek populations are independent 
or if they belong to a single larger population (Lindley et al. 2004).  Lindley et al. (2007) also noted 
the presence of ephemeral or dependent populations in the Northwestern California region.  Due to 
insufficient data, they were not able to assess the status of the early‐returning Chinook within the 
Feather River Hatchery population that spawn in both the Feather and Yuba Rivers.  

Viability assessments use conditions from the recent past to address whether a population will 
persist in the future.  Future conditions are unlikely to be similar to the recent past, however, 
because of expected climatic changes.  Lindley et al. (2007) noted that the criteria they proposed 
may not offer sufficient protection if a prolonged period of unfavorable climatic conditions occurs.  
Regional‐scale climate models for California broadly agree that future temperatures will be warmer 
and that total precipitation may decline with a significant decline in snowfall.  Given these changes, 
all Central Valley salmonids are likely to be negatively affected, especially those using freshwater in 
summer (Lindley et al. 2007).  Lindley et al. noted that habitat availability will decrease as the lower 
distributional limit rises, given the current upper distributional limits due to dams.   

Lindley et al. (2007) assessed three different scenarios for the potential increase in mean summer 
temperature by 2100 and its effect on the availability of historical habitat above the 25 °C isotherm.  
Under the most conservative increase of 2 °C, the loss of historical habitat would be low except for in 
the southern Sierra eco‐region and in Butte Creek (Lindley et al. 2007).  With a more likely increase 
of 5 °C, historical habitat loss would be significant with some remnant habitat in the upper reaches 
of the basalt and porous lava (Pit and McCloud Rivers) and the northern Sierra ecoregions (Battle 
and Mill Creeks, and Feather and Yuba Rivers).  Under this scenario, most of the remaining habitat 
would be found on the Feather and Yuba Rivers.  Lindley et al. (2007) also estimated that, under an 
8 °C increase, spring‐run habitat would be found only in the uppermost reaches of the North Fork 
Feather River, Battle Creek, and Mill Creek.  Changes in hydrology are also are expected to impact 
Central Valley salmonids by reducing the quantity and quality of freshwater habitat.   
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Central Valley Steelhead 

Listing Status 
As noted, in 1998, NMFS listed the Central Valley steelhead ESU as threatened under the federal ESA 
(NMFS 1998).  This ESU includes all naturally spawned populations of steelhead in the Sacramento 
and San Joaquin Rivers and their tributaries (NMFS 1998 as cited in DWR 2007).  The original 
critical habitat designation was withdrawn, and NMFS published a final designation of critical 
habitat in 2005 (DWR 2007).  The critical habitat designation includes the Sacramento, lower 
Feather, and Yuba Rivers; Battle, Cottonwood, Antelope, Mill, Deer, Butte, and Big Chico Creeks; and 
the Cosumnes, Mokelumne, Calaveras, and San Joaquin Rivers and tributaries to the San Joaquin 
(NMFS 2004). 

General Life History 
The life history of steelhead is more complex than other Pacific salmonids; steelhead exhibit both 
anadromous and freshwater resident traits.  The freshwater residents are referred to as rainbow 
trout.  Steelhead are divided into two basic reproductive ecotypes.  Stream‐maturing steelhead, also 
referred to as summer steelhead, are sexually immature upon freshwater entry and mature in the 
river over the summer (Busby et al. 1996).  The ocean‐maturing steelhead, or winter steelhead, 
enter freshwater with well developed gonads and spawn soon after reaching the spawning grounds.  
Unlike Chinook, steelhead are iteroparous (capable of spawning more than once), but they rarely 
spawn more than twice (Busby et al. 1996).  Historically, both summer and winter steelhead were 
found in the Central Valley (Needham et al. 1941).  Currently, only winter steelhead have been 
identified in the Central Valley (McEwan 2001).   

Winter steelhead enter freshwater between August and April, and spawning occurs from December 
to May (Busby et al. 1996, NMFS 2002).  In the Sacramento River basin, spawning generally peaks 
between January and March (NMFS 2002).  Steelhead use cool, well oxygenated water with 
velocities ranging from 1 to 3.6 feet per second for spawning (McEwan 2001).  The incubation time 
depends on water temperature, dissolved oxygen concentration, and substrate; fry generally emerge 
in late spring (NMFS 2002).  The fry use shallow water along perennial streambanks, where they 
establish and defend feeding stations (Nickelson et al. 1992, McEwan 2001).   

YOY steelhead primarily use higher velocity areas in pools for rearing but are also known to use 
glides and riffles (NMFS 2002).  Juveniles use a wider range of habitat types but prefer areas with 
large and small woody debris and overhead cover (McEwan 2001, NMFS 2002).  Older juveniles can 
also move downstream to rear in larger tributaries or rivers (Nickelson et al. 1992).  The juveniles 
will reside in freshwater from 1 to 4 years and typically emigrate between February and April 
(NMFS 2002).  Central Valley steelhead generally spend 1 to 2 years in the ocean before returning to 
spawn (Busby et al. 1996).   

Recent studies have shown that Central Valley steelhead and rainbow trout are polymorphic, finding 
that anadromous females can produce non‐anadromous progeny and non‐anadromous females can 
produce anadromous progeny (McEwan 2001, Zimmerman et al. 2008).  Research by Zimmerman et 
al. (2008) suggests that the portion of steelhead progeny may differ between location and years. 
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Historical Distribution 
Information on the historical distribution of Central Valley steelhead is limited and not as well 
documented as for Central Valley Chinook salmon.  McEwan (2001) provides evidence supporting 
the conclusion that steelhead distribution can be inferred from Chinook salmon distribution, 
especially spring‐run Chinook salmon which has many of the same requirements for spawning and 
rearing.  Yoshiyama et al. (1996) concluded that steelhead distribution was probably broader than 
Chinook salmon: 

[Steelhead were] undoubtedly more extensively distributed [than Chinook salmon in the Central 
Valley].  Due to their superior jumping ability, the timing of their upstream migration, which 
coincided with the winter rainy season, and their less restrictive preferences for spawning gravels, 
steelhead could have used at least hundreds of miles of smaller tributaries not accessible to the 
earlier­spawning salmon. 

The available information indicates that steelhead used both the Sacramento River and San Joaquin 
River basins from the Pit River south to the Kings River (McEwan 2001).  Like Chinook salmon, 
extensive mining, dams, and low flows impacted the distribution of steelhead starting in the late 
1800s.  

Lindley et al. (2006) reconstructed the historical distribution and population structure using models 
to predict the spatial location of stream locations and identifying suitable habitats within stream 
segments.  They identified 81 independent populations of steelhead within four major subdivisions 
in the Central Valley ESU.  The four subdivisions are (1) Sacramento River basin; (2) Suisun Bay area 
tributaries; (3) San Joaquin tributaries draining the Sierra Nevada; and (4) streams that drained to 
the Buena Vista and Tulare basins.  Like McEwan (2001) and Yoshiyama et al. (1996) they found 
that O. mykiss was probably more abundant in the Sacramento basin than in the San Joaquin basin.  
The San Joaquin tributaries have steeper gradients and sometimes lower flow and therefore have 
more natural barriers to migration (Lindley et al. 2006).    

This report focuses on the distribution of steelhead in the Sacramento River basin.   

Current Distribution 
The current distribution is limited in most areas due to impassable dams in the Central Valley.  
Reynolds et al. (1993) reported that approximately 95% of the historical habitat has been lost due to 
both mining and water development activities.   

Because of limited steelhead monitoring efforts, the current distribution is not clearly known 
(McEwan 2001).  Based on Chinook monitoring data collected by CDFG and USFWS, steelhead are 
still found in several upper Sacramento tributaries, including Clear, Antelope, Deer, Mill, Butte, and 
Battle Creeks (Busby 1996, Low et al. 2007).  Lindley et al. (2006) reported that historical habitat 
may still be accessible in a few streams including Mill, Deer, Butte, and Cottonwood Creeks.  
Naturally spawning steelhead are also found on the American, Feather, Yuba, Mokelumne, and 
mainstem Sacramento Rivers; but the hatchery influence on these fish remains unknown (Busby et 
al. 1996).  Changes to the thermal regime and food web structure (Lieberman et al. 2001) on these 
regulated rivers may be more beneficial for the resident forms, thus altering the proportion of 
anadromous to resident forms in these larger rivers. 
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Population Viability Assessment 
Lindley et al. (2007) were not able to quantitatively assess the viability of Central Valley steelhead 
due to data deficiencies.  Although they did not find any evidence of a low extinction risk for the ESU, 
the significant loss of historical habitat, habitat fragmentation, and degradation are likely adversely 
affecting both the anadromous and resident O. mykiss populations.  Based on qualitative data and 
assessment of hatchery‐supported populations, Lindley et al. (2007) determined that the existing 
populations are not viable and that the Central Valley ESU has a moderate to high risk of extinction. 

Like spring‐run Chinook, Central Valley steelhead populations are susceptible to the impacts of the 
predicted climate changes addressed by Lindley et al. (2007).  Because spring‐run and steelhead 
currently use much of the same habitat in the Sacramento River basin, steelhead will probably be 
affected much to the same extent in the tributaries as described for spring‐run.  

Restoration Activities in the Sacramento River Basin 

Central Valley Project Improvement Act 
In the mid‐1990s, several state and federal restoration programs were developed to protect and 
restore anadromous salmonid populations within the Central Valley.  The Central Valley Project 
Improvement Act (CVPIA) was amended to assign equal priority to fish and wildlife protection, 
restoration, and mitigation as to other Central Valley Project (CVP) projects (Reclamation and 
USFWS 2001).  Under Section 3406 of the CVPIA, the Department of Interior was required to 
implement the Anadromous Fish Restoration Program (AFRP) which includes reoperation of the 
CVP to achieve the goals outlined in the AFRP Final Restoration Plan, implementing a Habitat 
Restoration Program, and dedicating 800,000 acre‐feet of CVP yield annually for fish and wildlife 
(known as (b)(2) water) on CVP‐operated rivers and streams (Reclamation and USFWS 2001).  The 
CVP yield is used to improve upstream flows, meet water quality standards set forth in State Water 
Board Decision D‐1641, and reduce entrainment at the CVP pumping facility in Tracy.  The CVPIA 
also requires implementation of a supplemental water acquisition program, anadromous fish flow 
pulses, elimination of flow fluctuations, Clear Creek restoration, gravel replenishment, a 
Comprehensive Assessment and Monitoring Program, and an Anadromous Fish Screen Program 
(Reclamation and USFWS 2001).   

The CVPIA required the Secretary of the Interior to develop and implement the AFRP, which was to 
make all reasonable efforts to ensure that by 2002 the natural production of anadromous fish in the 
Central Valley rivers and streams be self‐sustaining at levels at least double the average levels from 
1967 to 1991 (USFWS 2001).  In 1995, the AFRP Core Group prepared a Working Paper on 
Restoration Needs; in 2001, they completed the Final Restoration Plan for the AFRP.  Since the mid‐
1990s, USFWS has implemented AFRP restoration activities on several tributaries in the upper 
Sacramento River basin, including Mill, Deer, Butte, Clear, and Battle Creeks, to support these 
restoration goals. 

As the amended CVPIA was being implemented, other programs were being developed, including 
CALFED and the Trinity River Mainstem Fishery Restoration Program (Reclamation and USFWS 
2001).  In light of that, many CVPIA efforts were coordinated with CALFED efforts in the Central 
Valley, especially the CALFED Ecosystem Restoration Program (ERP), as described below.   
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CALFED 
In 1994, state and federal agencies joined with stakeholders and agreed to the Bay‐Delta Accord, an 
agreement to develop a long‐term comprehensive plan to restore the Bay‐Delta for all beneficial 
uses.  The Bay‐Delta Accord led to the formation of CALFED, a cooperative effort to restore the 
ecological health of the Bay‐Delta, improve water supply reliability, protect drinking water quality, 
and protect Delta levees (Reclamation and USFWS 2001).  One of the several programs created 
through this process was the ERP.   

The ERP was designed to maintain, improve, and increase both aquatic and terrestrial habitats in 
the Bay‐Delta through the restoration of ecological processes (CALFED 2001).  The ERP also was 
designed to recover at‐risk species, such as anadromous salmonids, that are dependent on the Delta.  
The ERP is implemented using an ecosystem‐based adaptive management approach with defined 
goals and objectives for ecosystem habitat and species rehabilitation projects (CALFED 2001).  
Three types of management actions (targeted research, pilot or demonstration projects, and full‐
scale implementation projects) are funded through the ERP (CALFED 2001).  Since 1997, the ERP 
has funded numerous restoration projects in the upper Sacramento River basin. 

NMFS is currently preparing a recovery plan for winter and spring‐run Chinook and Central Valley 
steelhead.  A co‐manager review draft of the recovery plan was released in May 2008 that identified 
numerous recovery actions for the Sacramento River basin tributaries to benefit spring‐run Chinook 
and steelhead.  These actions include identifying and implementing projects to improve water 
temperature (reduce fire risk, restore meadows, and increase riparian shade), conduct fish passage 
evaluations at agricultural diversions, evaluate and dedicate instream flows to facilitate passage, 
implement gravel augmentation projects, fortify streambanks to reduce fine sediments, monitor 
water quality, and modify sport fishing regulations (NMFS 2008).   

Sacramento River Basin Tributaries:  Status of Spring‐
Run Chinook Salmon and Steelhead 

Table 1 displays the historical estimates of spring‐run Chinook salmon escapement in the 
Sacramento River basin tributaries along with the range of escapement estimates for the period 
from 1960 to 2007.  Figures 1 through 3 display the estimated adult spring‐run populations from 
1960 to 2007 in tributaries where estimates are available. 

Data acquired from CDFG GrandTab.  Data for 2005 to 2007 are preliminary and subject to revision. 

The Feather River estimate includes both in‐river and hatchery counts.  Data acquired from CDFG 
GrandTab.  Data for 2005 to 2007 are preliminary and subject to revision.  

Data acquired from CDFG GrandTab.  Data for 2005 to 2007 are preliminary and subject to revision.  

For this report, monitoring information was taken from the Central Valley Salmon and Steelhead 
Monitoring Program Summary (Low et al. 2007) unless otherwise stated.  This report focuses on the 
monitoring activities for adult salmonids and does not include information on juvenile salmonid 
monitoring in the Central Valley. 
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The following sections describe the spawning/holding habitat, rearing habitat, monitoring activities, 
limiting factors, and restoration activities for tributaries that are known to support spring‐run 
Chinook or steelhead in the upper Sacramento River basin. 

Table 1.  Escapement Estimates for Spring‐Run Chinook in the Sacramento River Basin Tributaries 
from Historical Records and Monitoring Data (1960–2007) 

Tributary 
Historical 
Abundance  Source 

CDFG GrandTab 
Estimate 1960–2007 
(min–max) 

Battle Creek  1,700–2,200; 
1,800 

CDFG (1998); Reynolds et al. 
(1993) 

2–291 

Cow Creek   unknown    No survey for spring‐
run 

Bear Creek   unknown    No survey for spring‐
run 

Clear Creek  < 500  Fry (1961)  0–194 

Antelope Creek  <= 500  Reynolds et al. (1993)  0–154 

Mill Creek  300–3,000; 
<= 3,500; 3,000–
4,000 

Fry (1961) & CDFG (1990); 
CH2M Hill (1998); CDFG 
(1998) 

61–3,500 

Deer Creek   500–4,000  Fry (1961) & Yoshiyama et al. 
(2001) 

84–8,500 

Butte Creek  100–3,000  Fry (1961) & CDFG (1998)  10–20,259 

Big Chico Creek  < 200–500; 
1,000 

Reynolds et al. (1993); CH2M 
Hill (1998) 

0–500 

Cottonwood Creek  <= 500  Fry (1961)  0–477 

Thomes Creek  < 500  Fry (1961)  0–2 

Stony Creek  < 500  Fry (1961)  (Extirpated) 

Feather River (in‐
river) 

1,700; 
500–4,000; 
8,000–20,000 

CH2M Hill (1998); CDFG 
(1998) & Fry (1961); Moyle 
(2002) 

2–2,908 

Yuba River  unknown; 
6,000–10,000 

no early CDFG records; Moyle 
(2002) 

108–200 

American River  unknown; >= 
10,000 

no early CDFG records; Moyle 
(2002) 

(Extirpated) 
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Estimated Spring-run Chinook Populations
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Figure 1.  Estimated Adult Spring‐Run Chinook Populations for Battle, Mill, and Antelope 
Creeks (1960–2007) 
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Figure 2.  Estimated Adult Spring‐Run Chinook Populations for Butte Creek, Deer Creek, and 
Feather River (1960–2007) 
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Estimated Spring-run Chinook Populations
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Figure 3.  Estimated Adult Spring‐Run Populations for Clear, Cottonwood, Thomes, and Big Chico 
Creeks (1960–2007) 

Clear Creek 

Spawning/Holding Habitat 

Clear Creek is approximately 18.1 miles long between the confluence with the Sacramento River and 
Whiskeytown Dam.  Whiskeytown Dam is a total barrier to salmonid migration in Clear Creek.  The 
elevation for this reach drops from 1,000 feet to 400 feet above mean sea level (Newton and Brown 
2004).  USFWS identified two predominant stream channel types in Clear Creek.  The upper reaches 
from Whiskeytown Dam down to Clear Creek Road Bridge (River Mile [RM] 8.5) have steep canyon 
walls with falls, high‐gradient riffles, and deep pools.  Below Clear Creek Road Bridge, the stream 
channel widens into an alluvial reach with a much lower gradient. 

Since 2001, the Dedicated Project Yield Program—authorized by Section 3406(b)2 of the CVPIA—
has provided additional water year‐round to increase streamflow.  The increased flows and 
resulting lower water temperatures improve passage, holding, spawning, and rearing conditions for 
both spring‐run Chinook and steelhead (Giovannetti and Brown 2007).  The goal of the flow targets 
is to provide access to 90% of the maximum possible weighted usable area (Reclamation and 
USFWS 2007).   

The additional streamflows to manage water temperature also allow fall‐run Chinook to access the 
reaches above Gorge Cascade (RM 6.5).  Because USFWS was concerned about the effects of 
hybridization and redd superimposition between spring‐run and fall‐run Chinook, they installed a 
temporary picket weir at RM 8.09 in 2003 (Newton and Brown 2005).  The weir limits spring‐run 
Chinook to approximately 10 miles of spawning and holding habitat but ensures spatial separation 
of the two runs.  The weir is installed in late August and removed in early November to allow 
steelhead access to the entire creek. 

Water temperatures are managed to support spring‐run spawning and egg incubation.  Water 
temperature is maintained at <56 °F at the Igo gage (RM 10.8) for spring‐run spawning from 
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September 15 through October 30 under the biological opinion for the operation of the CVP and the 
State Water Project (NMFS 2002).  

Gravel augmentation has substantially increased the amount of spawning habitat for both Chinook 
and steelhead in Clear Creek (Giovannetti and Brown 2007).  Smaller gravel has been injected below 
Whiskeytown Dam specifically to improve steelhead spawning.  Giovannetti and Brown (2007) 
found that 30 to 40% of the steelhead redds had injection gravel in them between 2001 and 2007, 
suggesting that habitat is still limiting spawning or that the gravel injection is providing more 
suitable spawning habitat for steelhead.  

Rearing Habitat 

Brown (1996) calculated the change in percent of optimum habitat at various instream flows and 
estimated a 15% increase in rearing habitat when flows were increased from 50 to 150 cubic feet 
per second (cfs).  Currently, flows are maintained at 200 cfs from mid‐September through mid‐June 
to support juvenile salmonid rearing and emigration.  

USFWS and the CALFED Environmental Water Program (EWP) are currently working with the U.S. 
Bureau of Reclamation (Reclamation) to reoperate Whiskeytown Dam in spring to reactivate fluvial 
processes within Clear Creek (Reclamation and USFWS 2007).  The reoperation would involve 
producing a 1‐day flow of 3,250 cfs three times in a 10‐year period.  The process would help support 
juvenile salmonid rearing by re‐creating and maintaining diverse instream and floodplain habitat in 
Clear Creek.  In addition, ongoing floodplain and channel reconstruction projects have helped 
restore the natural form and functions to rearing habitat in the lower watershed (Giovannetti and 
Brown 2007).  

Monitoring Activities 

USFWS staff conducts a snorkel survey monthly from late April through August and twice a month 
from September to early November to determine the relative abundance of adult spring‐run 
Chinook in Clear Creek.  Nearly the entire length of Clear Creek is surveyed starting near the mouth 
at RM 1.7 up to Whiskeytown Dam.  The survey is also used to evaluate the distribution of 
immigrating and spawning Chinook.  USFWS has conducted this survey annually since 1999.  No 
long‐term annual spring‐run escapement surveys were conducted prior to 1999 in Clear Creek. 

As part of the spring‐run snorkel survey, USFWS staff counts live steelhead/ rainbow trout.  USFWS 
also conducts a late‐fall Chinook and steelhead redd survey by kayaking essentially the entire length 
of Clear Creek monthly from December through April.  USFWS has conducted the survey since 1999, 
providing data on the number of steelhead/rainbow trout redds and the temporal and spatial 
spawning distribution within Clear Creek.  

Limiting Factors 

Whiskeytown Dam remains a total barrier limiting habitat access and gravel transportation.  Flow 
and water temperature are controlled by dam operations and could be affected by climate change.  
The stable flows also modify fluvial processes that can affect the quality of juvenile rearing habitat.  
There is also no permanent spatial separation of fall and spring‐run Chinook in Clear Creek.   



California Department of Water Resources  Background Report 
 

 
  

16 
November 2009

 

Restoration Activities 

Built in 1903, McCormick Saeltzer Dam (RM 6.5) was a total barrier to spring‐run Chinook 
migration.  A fish passage structure was added in 1958, but it was unsuccessful.  In 1992, the 
structure was modified to improve fish passage.  Passage increased slightly, but debris commonly 
blocked access through the structure (Newton and Brown 2004).  The McCormick Saeltzer Dam was 
completely removed in 2000, providing access to the full length of Clear Creek up to Whiskeytown 
Dam.   

The current flow schedule to increase flows and lower water temperature was developed based on 
an instream flow incremental methodology (IFIM) study conducted in the 1980s.  The schedule may 
be revised based on a new IFIM study being developed by USFWS (Reclamation and USFWS 2007). 

Gravel augmentation below Whiskeytown Dam started in 1995; since then, approximately 110,000 
tons of gravel has been injected into the creek (Reclamation and USFWS 2007).  The goal of the 
project is to replace the amount of spawning habitat that existed before construction of the dam by 
2020.  Meeting this goal will provide approximately 347,000 square feet of spawning habitat 
(Reclamation and USFWS 2007).   

A 2‐mile section in the lower portion of the creek that was significantly degraded by mining is 
currently being restored.  Phases 1, 2A, and 2B of the Stream Channel Restoration Project were 
completed between 1998 and 2001.  Gravel extraction pits were filled in to reduce stranding and 
predation and to restore floodplain function.  Phase 3A was completed in 2002 by relocating a 
section of stream channel along with continued restoration of the floodplain.  Monitoring in the new 
channel documented more than a 400% increase in spawning area use for fall Chinook (Reclamation 
and USFWS 2007).  Geomorphic monitoring associated with the Stream Channel Restoration Project 
indicated that the stream channel and floodplain are functioning as intended and juvenile Chinook 
rearing was higher than expected (Reclamation and USFWS 2007).  Phase 3B was completed in 2008 
and involved creating spawning riffles and continuing revegetation efforts.  The final phase (Phase 
3C), currently in the design and permitting phase, involves realigning the stream channel and 
rebuilding the floodplain in the lowest reach of the restoration project to improve rearing habitat.   

The extensive restoration efforts and flow supplementation have improved conditions in Clear 
Creek for both spring‐run Chinook and steelhead.  This restoration has allowed for the successful re‐
establishment of spring‐run Chinook into the watershed and has increased the steelhead population. 

Cow Creek 

Spawning/ Holding Habitat  

The Cow Creek watershed contains six major tributaries, for a combined length of 164.4 river miles 
(WSRCD and Cow Creek Watershed Management Group 2005).  CDFG does not consider Cow Creek 
suitable for spring‐run due to low flows, high water temperatures, and lack of holding pools (CH2M 
Hill 1998).  However spring‐run have been documented using Cow Creek and may use the 
watershed in above‐normal water years.   

The mainstem of Cow Creek does support fall‐run, late fall‐run, and limited steelhead spawning 
(<200); but the lack of summer holding pools makes it unsuitable for spring‐run Chinook (SHN 
Consulting 2001).  On Little Cow Creek, Diddy Wells Falls creates a barrier to upstream migration, 
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except possibly in above‐normal flow years.  Clover Creek provides spawning habitat up to Clover 
Creek Falls for fall‐run and steelhead.  The falls are a total barrier to upstream migration.  Upper 
Whitmore Falls on Old Cow Creek creates a barrier to upstream migration during normal water 
years (SHN Consulting 2001).  The available habitat, above and below the Upper Whitmore Falls, 
lacks holding pools and adequate spawning gravel for spring‐run Chinook; but it does provide some 
spawning habitat for steelhead (SHN Consulting 2001).   

South Cow Creek supports the most anadromous fish use in the Cow Creek watershed; spring‐run 
Chinook have been observed below the PG&E Mill Creek Diversion Dam (SHN Consulting 2001).  
Adequate spawning grounds are identified above and below the diversion dam for both spring‐run 
and steelhead.  This section of the creek also has dense riparian vegetation to help moderate water 
temperatures (SHN Consulting 2001).  Access to spawning areas can be limited in some years due to 
low flows.  

Rearing Habitat 

Cow Creek currently provides some habitat for non‐natal spring‐run Chinook and steelhead rearing 
but is limited in most years by low flows and high water temperatures (WSRCD and Cow Creek 
Watershed Management Group 2005). 

Monitoring Activities 

No systematic monitoring is conducted on Cow Creek for spring‐run Chinook or steelhead.   

Limiting Factors 

WSRCD and Cow Creek Watershed Management Group (2005) identified several factors limiting 
Chinook populations in Cow Creek, including flows, water temperature, and the lack of fish ladders 
and screens on diversions.  Low flows are caused by numerous irrigation and hydroelectric 
diversions, and currently Cow Creek is fully adjudicated.  Predation of juvenile Chinook by 
Sacramento pikeminnow, smallmouth bass, and largemouth bass also may be a limiting factor in the 
lower portions of Cow Creek (SHN Consulting 2001)  Grazing, habitat conversion, non‐native plants, 
and land management have altered the vegetation (WRSCD and Cow Creek Watershed Management 
Group 2005).  In addition, fire suppression management has resulted in higher potential for 
catastrophic wildfires.  SHN Consulting (2001) noted that Cow Creek does not have a major storage 
dam, allowing a more natural hydrograph.  Because many diversions do not have minimum flow 
requirements, flow is limited in most years. 

Restoration Activities 

The Cow Creek Watershed Management Group worked in partnership with the Western Shasta 
Resource Conservation District (RCD) to develop the Cow Creek Watershed Management Plan 
(CCWMP).  The CCWMP outlines specific steps to enhance the watershed in each of five categories:  
water quality and quantity, fisheries, botanical and wildlife resources, fire prevention and fuel 
management, and education and outreach (WSRCD and Cow Creek Watershed Management Group 
2005).  The CCWMP objectives for anadromous fish include addressing monitoring needs, 
developing programs to install screens and ladders, and implementing actions to increase instream 
flows.  The CCWMP also identifies objectives for monitoring water quality, improving water quality 
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and quantity, protecting and enhancing riparian corridors, and fuel management to avoid 
catastrophic fires within the watershed. 

In March 2009, PG&E filed a License to Surrender Application with FERC for the Kilarc‐Cow Creek 
Hydroelectric Project, FERC No. 606 (Kilarc‐Cow Creek Project).  As part of the process, PG&E will 
decommission and remove the Kilarc Development on Old Cow Creek and the Cow Creek 
Development on South Cow Creek (PG&E 2007a).  The Kilarc‐Cow Creek Project includes several 
small diversion dams, approximately 7 miles of water conveyance facilities, and two powerhouses.  
The project diverts water from North and South Canyon Creeks, Old Cow Creek, Mill Creek, and 
South Cow Creek (PG&E 2007a).  PG&E holds three pre‐1914 water rights for a combined diversion 
of 62 cfs in Old Cow Creek and two pre‐1914 water rights for a combined diversion of 70 cfs in South 
Cow Creek (PG&E 2007a).  The Cow Creek Adjudication (decree entered 1969) states that, if the 
Kilarc‐Cow Creek Project is authorized or ordered to decommission, the water rights will be 
transferred to and used by a resource agency to protect, preserve, or enhance aquatic resources 
(PG&E 2007a).  Decommissioning and removal of the Kilarc‐Cow Creek Project should improve 
passage for Chinook and steelhead in both Old Cow Creek and South Cow Creek.  

South Cow Creek has the most suitable spawning and holding habitat for spring‐run Chinook in the 
Cow Creek watershed; however, there is a potential for spatial and temporal overlap with fall‐run 
Chinook. 

Restoration of Cow Creek would likely provide more benefits for steelhead than for spring‐run 
Chinook due to the lack of holding habitat in Cow Creek.  Past estimates by CDFG suggested that Cow 
Creek could support steelhead runs of approximately 500 (CDFG 1965 as reported in SHN 
Consulting 2001). 

Bear Creek 

Spawning/ Holding Habitat 

Bear Creek is a small east‐side tributary where rainfall is the primary source of flow (CH2M Hill 
1998).  Although salmon have access to approximately 24 miles, in low‐flow years, the stream can 
run dry prior to reaching the Sacramento River because diversions exceed the natural flow (CH2M 
Hill 1998).  Due to low flows, warm water temperatures, and lack of large holding pools, only fall‐
run Chinook and steelhead use Bear Creek consistently (ENPLAN 2006).  Spawning runs were 
estimated at 300 fall‐run and 200 steelhead in the 1960s; because no systematic surveys are 
conducted in Bear Creek, the current population of steelhead is unknown (ENPLAN 2006).  Spring‐
run are not known to spawn in Bear Creek (CDFG 1993).  Steelhead have been documented using 
the mainstem of Bear Creek, North Fork Bear Creek, and Snow Creek.  There are no known barriers 
to migrations in these reaches; however, low flows may prevent adult steelhead from accessing 
them (ENPLAN 2006). 

Rearing Habitat 

Non‐natal juvenile spring‐run Chinook have been reported to use Bear Creek in above‐normal water 
years (ENPLAN 2006).  Rearing habitat is a function of the natural hydrologic regime in the Bear 
Creek watershed; many creeks become intermittent or completely dry in years with below‐average 
precipitation, thus limiting steelhead rearing (ENPLAN 2006).  Water diversions in the lower 
portion of the watershed further reduce rearing habitat for both non‐natal spring‐run and steelhead. 
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Limiting Factors 

The primary factor limiting spring‐run Chinook use of Bear Creek is low flow and the associated 
increased water temperatures.  Limited holding pools; unscreened agricultural diversions; and the 
effects of timber harvest, fire management, and predation also are limiting factors in this watershed 
(ENPLAN 2006).  DWR is currently conducting a fish passage barrier assessment on Bear Creek, but 
no recent surveys have been conducted on the amount of suitable spawning habitat and holding 
pools that exists in the Bear Creek watershed. 

Monitoring Activities 

No annual monitoring is conducted on Bear Creek for spring‐run Chinook or steelhead.   

Restoration Activities 

The Bear Creek Watershed Group was formed in 2002.  With the help of the Western Shasta RCD, 
they completed both a watershed assessment and water management plan in 2006.  Each of the 
implementation plans outlined in the management plan will be developed as funding becomes 
available (WSRCD 2006).   

The hydrology and water quality objectives include developing and implementing a long‐term 
monitoring program, establishing a baseline geomorphology for the major streams, and 
implementing projects to increase water quantity and quality within the Bear Creek watershed.  The 
botanical objectives include conducting vegetation inventories, protecting and restoring riparian 
corridors, and developing a management strategy for non‐native species.  The fisheries objectives 
include establishing a comprehensive monitoring program for anadromous species and developing a 
program to assist landowners to install screens and ladders at diversions.  Other objectives focus on 
land use and fire and fuels management, and education and outreach within the watershed (WSRCD 
2006.) 

Historically, this watershed supported only small populations of both Chinook and steelhead.  
Therefore, while these restoration actions will improve conditions in Bear Creek, the opportunity 
for establishing independent self‐sustaining populations is limited.   

Cottonwood/Beegum Creeks 

Spawning/ Holding Habitat 

The Cottonwood Creek watershed encompasses 929 square miles and has three main tributaries, 
the South Fork, the North Fork, and Beegum Creek (off the Middle Fork), which provide 
approximately 130 miles of Chinook spawning habitat (CH2M Hill 2007).  Like Clear Creek, 
Cottonwood Creek has steep, narrow canyons starting from the headwaters and transitioning to 
braided alluvial streams in the valley reach (CH2M Hill 2002).   

Spring‐run spawning and holding habitat is limited primarily to Beegum Creek and the South Fork 
above Maple Creek (CH2M Hill 1998); however, some spawning has been documented on the North 
Fork (CH2M Hill 2002).  Several natural partial barriers can block migration into portions of Beegum 
Creek under certain flow conditions; on the South Fork, a human‐made barrier exists about 
3.5 miles upstream of Maple Creek (CH2M Hill 2002).  Prior to this barrier, spring‐run were 
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observed 7 to 8 miles upstream of Maple Creek (CH2M Hill 2002).  On the North Fork, a natural 
barrier is upstream of the Ono Bridge.  Historical records indicate that up to 500 spring‐run 
spawned in Cottonwood and Beegum Creeks (CH2M Hill 2007).   

Steelhead utilize all the forks and the mainstem of Cottonwood Creek.  Approximately 42% of the 
mainstem has suitable spawning areas for steelhead and fall‐run Chinook; however, low flows can 
restrict access to a large portion of these areas (CH2M Hill 2002). 

Rearing Habitat 

Rainfall provides most of the natural flow in the Cottonwood Creek watershed, resulting in a 
hydrology with abrupt swings correlated to storm events; higher flows are in winter and spring, and 
low flows are in summer and fall (CH2M Hill 2002).  In years with low rainfall, both flow and water 
temperatures can impede escapement and successful recruitment of juvenile salmonids (CH2M Hill 
2002).  However, the mainstem does have deep pools and riffles to provide cooler holding areas 
during summer and fall (CH2M Hill 2002).  In addition, Cottonwood Creek has an established 
riparian corridor that is beneficial for juvenile rearing (CH2M Hill 2002). 

Limiting Factors 

Low flows in years with limited precipitation can limit the availability of habitat given the flashy 
nature and limited aquifer recharge within the Cottonwood Creek watershed (CH2M Hill 2002).  
Other limiting factors include heavy sediment loads, gravel extraction, agricultural practices 
including the Anderson‐Cottonwood Irrigation District canal, timber harvesting, and urban 
development.  One of the recommendations in the Cottonwood Creek Watershed Management Plan 
is for the Cottonwood Creek Watershed Group (CCWG) to conduct or facilitate a limiting factors 
analysis to fully evaluate the existing limitations for salmonids (CH2M Hill 2007). 

Monitoring Activities 

CDFG staff conducts a snorkel survey on Beegum Creek to estimate the annual spring‐run 
escapement.  The survey is conducted three times a year on the North Fork from RM 0.5 to the 
Highway 36 Bridge.  The survey also provides information on the spatial distribution of holding 
Chinook.  CDFG has conducted the survey in most years since 1973.  No annual monitoring is of 
Cottonwood Creek for steelhead. 

Restoration Activities 

CCWG was formed in 1999 to “preserve the environment, private property and water rights, and 
economic resources of the Cottonwood Creek Watershed through responsible stewardship, liaison, 
cooperation, and education” (CH2M Hill 2007).  CH2M Hill, with funding from the State Water Board 
and CALFED and input from stakeholders, prepared a watershed management plan for the CCWG.  
The management plan identifies issues in the watershed and establishes goals, objectives, and 
actions for addressing them.   

The watershed management plan identifies issues in four categories:  water resources and future 
development; channel and riparian conditions; fishery, vegetation, and wildlife resources; and fire 
and fuels management (CH2M Hill 2007).  The goals that directly impact salmonids include 
addressing bank and channel instability, developing a sustainable gravel management program, 
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sustaining and enhancing native fish populations, sustaining and expanding riparian habitat, 
sustaining and enhancing water quality, increasing both stormwater infiltration and base flows, and 
reducing fine‐grained sediment discharge into the waterways (CH2M Hill 2007).  In part, the 
watershed management plan recommends that the CCWG should establish both juvenile and adult 
salmonid monitoring programs, conduct a limiting factors analysis for salmonids, assess the impacts 
of bank stabilization projects on riparian and aquatic habitats, and implement CALFED ERP targets 
that are applicable to Cottonwood Creek (CH2M Hill 2007).  The ERP targets include maintaining 
and improving existing habitat and facilitating passage of spring‐run and steelhead to holding, 
spawning, and rearing habitat.  

Cottonwood Creek is the third largest tributary on the western side of the Sacramento River basin 
and the largest undammed watershed in the northern Central Valley (CH2M Hill 2002).  The 
watershed is relatively undeveloped with an active, established, riparian corridor and provides 
important habitat for spring‐run Chinook and steelhead that could be both expanded and enhanced 
with watershed improvements.   

Battle Creek 

Spawning/ Holding Habitat 

Battle Creek is an east‐side tributary of the Sacramento River that drains from the southern Cascade 
Range, with attributes similar to tributaries upstream of Shasta Dam (Kier Associates 1999, Lindley 
et al. 2007).  Large snowfields and spring‐fed creeks maintain streamflow until late summer in both 
the North and South Forks of Battle Creek, providing suitable holding and spawning water 
temperatures.  Spring‐run Chinook and steelhead can access approximately 14 miles of spawning 
and holding habitat in the North fork and approximately 18 miles in South Fork (Kier Associates 
1999).   

The spawning habitat in the North Fork has high‐gradient stream segments, similar to those in Mill 
and Deer Creeks, upstream of Eagle Canyon Dam and elevations over 2,000 feet occur above North 
Battle Creek Feeder Dam.  On the South Fork, similar high‐gradient stream segments exist upstream 
of Inskip Dam; elevations over 2,000 feet occur upstream of the South Dam (Kier Associates 1999).  

The Coleman National Fish Hatchery (CNFH) barrier weir, the CHFH Intake 3 diversion weir, the 
Orwick Diversion Dam, and the Coleman Powerhouse tailrace are potential passage barriers or 
impediments on the mainstem (DWR 2005).  The fish ladder on the CNFH barrier weir is used 
during the adult steelhead migration period for broodstock collection; however, since 1996, all 
naturally spawned adult steelhead are allowed to pass the barrier (Jones & Stokes 2005).  Steelhead 
also can pass over the barrier weir and access the upper watershed during periods of higher flow 
(>300 cfs) (Kier Associates 1999).   

The North Fork has three diversion dams (Wildcat, Eagle Canyon, and North Battle Creek) and the 
South Fork has three diversion dams (South Diversion, Inskip, and Coleman) that can impede adult 
migration (DWR 2005).  PG&E currently provides minimum flows of 30 cfs under an interim flow 
agreement to improve passage in both the North and South forks (Kier Associates 1999). 
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Rearing Habitat 

The Battle Creek Watershed Conservancy developed a set of biologically optimum flows for each 
reach and month using an IFIM study.  The biologically optimum flows that were selected provide at 
least 95% of the maximum weighted usable area (WUA) for the limiting life history stage (Kier 
Associates 1999).  If implemented, these flows would provide sufficient habitat for salmonids 
rearing in Battle Creek.  The current interim flow agreement targets also improve habitat conditions 
for spring‐run and steelhead rearing in part by reducing water temperature in the lower reaches of 
the watershed. 

Limiting Factors 

The primary limiting factors on Battle Creek are associated with hydroelectric and agricultural 
diversions (Kier Associates 1999).  Past hatchery operations also limited passage of spring‐run and 
steelhead into the upper watershed until a disease‐free water supply was established in the late 
1990s (Kier Associates 1999).   

The hydroelectric operations and agricultural diversions affect instream flow, water temperatures, 
fish passage, entrainment, and gravel supplies.  PG&E currently operates five powerhouses; two 
small storage reservoirs; three forebays; and eight diversions along with a network of 
approximately 20 canals, ditches, flumes, and pipelines (Kier Associates 1999).  In 1995, PG&E 
agreed to an interim flow agreement to increase flows above the minimum FERC requirements until 
a more permanent arrangement is reached (Kier Associates 1999).    

Monitoring Activities 

Spring‐run escapement surveys were conducted from 1946 to 1956 using spawning area surveys 
and/or redd counts.  In the early 1950s, some counts of spring‐run Chinook passing CNFH were 
recorded, and stream surveys were conducted in the early 1960s (Kier Associates 1999).  In 1995, 
USFWS installed a trap on the CNFH barrier weir and installed an underwater video camera to 
record passage of spring‐run Chinook and steelhead.  The weir trap is operated daily from March 
through May, and the underwater video monitoring is conducted from June through July.  In 2002, 
USFWS added jumper video monitoring during daylight hours from August through December.  
These three monitoring programs provide passage estimates into upper Battle Creek.   

In 2001, USFWS standardized the snorkel survey to sample from the mainstem at RM 2.8 up to the 
confluence, the North Fork up to Eagle Canyon Dam, and the South Fork up to Coleman Diversion 
Dam.  USFWS staff conducts the survey once or twice a month from May until mid‐November to 
identify spawning locations and timing for both spring‐run Chinook and steelhead.   

Between 2002 and 2006, USFWS also conducted a steelhead redd survey on the mainstem, on the 
North Fork from the confluence to Eagle Canyon Dam, and on the South Fork from the confluence to 
Coleman Diversion Dam.  The survey is conducted twice a month from November through April to 
collect data on the number of redds and the spatial and temporal spawning distribution.  

Restoration Activities 

Battle Creek offers a unique opportunity to support spring‐run and steelhead recovery due to its 
geological and hydrological features.  The proposed Battle Creek Salmon and Steelhead Restoration 
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Project (Restoration Project) would restore and enhance approximately 42 miles of habitat by 
modifying hydroelectric operations in a way that minimizes the loss of clean, renewable energy 
(Jones & Stokes 2005).  In 1999 Reclamation, NMFS, USFWS, CDFG, and PG&E signed a 
memorandum of understanding (MOU) outlining the Restoration Project (Jones & Stokes 2005).  
Under the MOU, PG&E agreed to forego some energy generation in order to provide instream flows, 
pursue an amendment to the FERC license, and transfer certain water rights to CDFG (Jones & 
Stokes 2005).  Other actions address flow management, passage, restoration of stream function, 
diversions, and water routing. 

The proposed actions include removing five hydroelectric diversion dams (Wildcat, South, Soap 
Creek Feeder, Lower Ripley Creek Feeder, and Coleman), installing screens and ladders on three 
diversion dams (North Battle Creek Feeder, Eagle Canyon, and Inskip), increasing flows, dedicating 
instream water rights, and eliminating the mixing between the North Fork and South Fork water 
(Jones & Stokes 2005).  The actions are divided into three phases, 1A, 1B, and 2.  Funding 
agreements were reached in July 2008 to provide $49.25 million to implement Phase 1A which 
focuses on the North Fork (Marshall 2008).  In Phase 1A, fish screens and ladders will be installed on 
Battle Creek Feeder and Eagle Canyon Dams, Wildcat Diversion Dam and appurtenant conveyance 
systems will be removed, the Eagle Canyon Canal pipeline will be installed, and Asbury Dam will be 
modified (Marshall 2008).   

Phase 1B involves installing a tailrace connector and bypass at Inskip Powerhouse; funding is being 
actively pursued.  Potential funding for Phase 2 has not been identified.  Phase 2 includes installing a 
fish screen and ladder on Inskip Dam, installing a tailrace connector at South Powerhouse, and 
removing several diversion dams and appurtenant conveyance systems on the South Fork. 

The Restoration Project will allow Chinook salmon and steelhead to access prime habitat from the 
confluence with the Sacramento River to the natural barriers above the hydroelectric dams as they 
did historically (Jones & Stokes 2005).  

Thomes Creek 

Spawning/ Holding Habitat 

Historically, spring‐run Chinook were observed sporadically in Thomes Creek, but the intermittent 
nature of the flow in this tributary limits the use by spring‐run Chinook for spawning and holding.  
Steelhead can use Thomes Creek for spawning in years with adequate streamflows (Vestra 2006).  
CDFG identified a low‐elevation impassable barrier immediately above the confluence with Horse 
Trough Creek that limits the amount of spawning and holding habitat for both spring‐run and 
steelhead (Vestra 2006).   

Rearing Habitat 

Thomes Creek has potential for non‐natal rearing of spring‐run juveniles in years with adequate 
flow (Vestra 2006).  Juvenile steelhead rearing is limited in Thomes Creek due to the reduced 
streamflows in years with below‐normal precipitation.  There is potential for natal and non‐natal 
steelhead rearing in some years when suitable conditions exist (Vesta 2006). 
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Limiting Factors 

Low flows in Thomes Creek are the major limiting factor for both spring‐run and steelhead.  Spring‐
run and steelhead production also is limited by high water temperature, lack of holding pools, 
erosion, and gravel mining (CH2M Hill 1998).  Potential entrainment of juvenile salmonids by two 
seasonal diversions dams also may contribute to reduced production (Vestra 2006).   

Monitoring Activities 

No annual monitoring is conducted on Thomes Creek for spring‐run Chinook or steelhead.   

Restoration Activities 

In 2007, the Tehama County RCD prepared a bi‐annual report outlining their management actions 
from July 2005 through June 2007 to improve the Tehama West Watershed (TCRCD 2007).  The 
report focused on actions in two areas, land use and planning and watershed management and 
health.  The actions included completing the Tehama West Watershed Assessment and development 
of the Tehama West Watershed Management Plan (TCRCD 2007).  The draft management plan that 
was released in August 2008 outlines actions to protect and enhance fall‐run Chinook and steelhead 
populations in Thomes Creek (TCRCD 2008).  These actions would benefit any spring‐run that use 
Thomes Creek in wet years.  However, the intermittent flow characteristics limit establishment of 
self‐sustaining populations of spring‐run Chinook or steelhead in Thomes Creek (Vestra 2006). 

Stony Creek 

Spawning/ Holding Habitat 

Historically, spring‐run Chinook spawning occurred upstream of the Stony Gorge Dam, which was 
built in 1928 (CH2M Hill 1998).  Downstream of Stony Gorge, Black Butte Dam is a total barrier to 
salmonid migration (USFWS 1995).  Fall‐run Chinook have been documented spawning 6 miles 
downstream of Black Butte Dam at the North Diversion Dam, but no spring‐run have been observed 
spawning in that area.  The North Diversion Dam is a migration barrier to fall‐run Chinook under 
most flow conditions (CH2M Hill 1998).  Because of an impassable barrier at the Glenn‐Colusa 
Irrigation District (GCID) canal at RM 3, an underground siphon was installed in 1999 (H. T. Harvey 
& Associates et al. 2007a).  No passage studies have been conducted at the siphon site. 

Steelhead spawning is possible in some years in Stony Creek and is used opportunistically when 
attraction flows are present (H.T. Harvey & Associates et al. 2007b).  Gravel recruitment is limited 
due to entrapment behind Black Butte Dam, thus reducing the amount of useable spawning habitat 
for steelhead.  Low flows may be a passage barrier for steelhead in years with below‐normal 
precipitation.   

Rearing Habitat 

Non‐natal spring‐run Chinook and steelhead rearing has been documented in Stony Creek, but 
stranding and entrainment is known to occur due to operation of the Tehama‐Colusa canal and the 
GCID canal (CH2M Hill 1998).  Low flows and high water temperatures limit the amount of rearing 
habitat in Stony Creek in some years (H.T. Harvey & Associates et al. 2007b).  
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Limiting Factors 

Migration barriers, low flows, high water temperatures, limited spawning habitat, and poor water 
quality limit salmonid production in Stony Creek (CH2M Hill 1998).  Entrainment and standing 
caused by operations of the Tehama‐Colusa canal and the GCID canal affect both juvenile rearing and 
adult escapement to Stony Creek (CH2M Hill 1998).  Streambank erosion, loss of riparian habitat, 
and gravel mining also limit salmonid production (H. T. Harvey & Associates 2007b). 

Monitoring Activities 

No annual monitoring is conducted on Stony Creek for spring‐run Chinook or steelhead.   

Restoration Activities 

Stony Creek is the second largest west‐side tributary of the Sacramento River; it has undergone 
substantial geomorphic change, channel instability, and degradation of native riparian plant 
communities (H.T. Harvey & Associates 2007b).  Historically, Stony Creek was a flashy, episodic 
channel; because of dam operations and extensive gravel mining, the creek now meanders within an 
artificially narrow channel causing both bed and bank erosion (H.T. Harvey & Associates 2007b).   

In 2004, the Glenn County RCD organized a Landowner Advisory Committee and a Technical 
Advisory Committee to help with implementing projects in the Lower Stony Creek Watershed 
(GCRCD 2008).  The Stony Creek Watershed Assessment was completed in 2007, and work began on 
the Lower Stony Creek Watershed Restoration Plan (GCRCD 2008).  The Glenn County RCD also 
established a demonstration site for invasive plant removal and bank stabilization, and 
implemented a monitoring program (GCRCD 2008).  An adopted long‐range plan set goals related to 
water resources, loss of agricultural land and urban encroachment, range management, weed 
control, and loss of habitat (GCRCD 2006). 

The natural recruitment of native riparian seedlings suggests that the hydrological conditions 
needed to support a riparian corridor already exist in lower Stony Creek (H. T. & Associates et al. 
2007a).  Although the low elevation, lack of holding pools, low flows, and high water temperatures 
make Lower Stony Creek unsuitable for spring‐run Chinook, restoration efforts could benefit both 
fall‐run Chinook and steelhead. 

Antelope Creek 

Spawning/ Holding Habitat 

The Antelope Creek watershed is relatively long and narrow, with moderate to steep slopes, and is 
located within the southernmost extension of the Cascade Range (Armentrout et al. 1998).  The 
watershed is similar to both Mill and Deer Creeks, which support self‐sustaining runs of spring‐run 
Chinook salmon and steelhead.   

Spring‐run have access to approximately 9 miles of spawning and holding habitat in Antelope Creek, 
starting from approximately 1.6 miles downstream of Paynes Creek crossing to McClure Place on the 
North Fork and Buck’s Flat on the South Fork (CDFG 1966, Airola 1983 as reported in Armentrout et 
al. 1998).  Paynes Creek crossing also is referred to as Tehama Wildlife Area Crossing. 
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Armentrout et al. (1998) used results from the U.S. Forest Service Fisheries Habitat Assessment to 
determine the number of holding pools present in Antelope Creek.  Holding pools were defined as 
pools greater than 6 feet deep.  In Antelope Creek, seven holding pools on the mainstem represent 
54% of all pools, six holding pools on the South Fork represent 26% of all pools, and no holding 
pools are on the North Fork (Armentrout et al. 1998).  

Very little information on steelhead distribution and abundance is available for Antelope Creek; 
however, they probably use the same spawning areas as spring‐run Chinook and may have access to 
habitats beyond what is known for salmon (Armentrout et al. 1998). 

Rearing Habitat 

The high habitat diversity of Antelope Creek helps support juvenile salmonid rearing (Armentrout et 
al. 1998).  In addition, the deep pools, cool water springs, vegetative shading, and natural diurnal 
fluctuations in water temperature offset the potential effects of increased water temperature during 
summer and early fall, supporting the yearling life history stage for both spring‐run Chinook and 
steelhead (Armentrout et al. 1998). 

Limiting Factors 

Water temperature, low flows, agricultural diversions, loss of natural river morphology, limited 
spawning habitat, fine sediments, water quality, loss of riparian habitat, and harvest/angling affect 
salmonid production in Antelope Creek (NMFS 2008).  Low flows in the valley portion due to 
springtime agricultural diversions are the largest limiting factor for spring‐run production in 
Antelope Creek.  Low flows also can impede access to Antelope Creek by reducing attraction flows, 
creating passage issues at agricultural barriers, and increasing water temperatures for holding and 
spawning salmonids (NMFS 2008).   

Monitoring Activities 

In 1989, CDFG began conducting snorkel surveys on various stretches of the creek.  In 1992, CDFG 
standardized the snorkel survey methods and has conducted an annual survey during the fourth 
week of July to estimate the spring‐run population.  The survey also provides data on the 
distribution of holding Chinook.  Staff surveys the North Fork from the confluence to McClure Place 
and the South Fork from the confluence to SF Gun Club.  No annual monitoring is conducted on 
Antelope Creek for steelhead.  

Restoration Activities 

Tehama County RCD is currently preparing a watershed assessment for both Paynes Creek and 
Antelope Creek.  Tehama County RCD will use the information from the assessment to develop the 
Tehama Eastside Watershed Plan.  

Antelope Creek is one of few remaining tributary streams where salmonids have access to the 
historical headwater stream habitat with a natural hydrograph in the upper watershed (Armentrout 
et al. 1998).  Historically, Antelope Creek was estimated to support 500 spring‐run Chinook and 300 
steelhead (CH2M Hill 1998).  Due to the steep sides of the canyon, human land use impacts are 
mostly limited to the valley floor portion of the watershed.  These factors make Antelope Creek a 
promising area for expansion and enhancement of spring‐run Chinook and steelhead habitat. 
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Mill Creek 

Spawning/ Holding Habitat 

Mill Creek is a long, narrow watershed; most of the watershed is bordered by Lassen National Forest 
(CH2M Hill 1998).  Because the upper watershed is relatively inaccessible, it is undisturbed, pristine, 
salmonid spawning habitat (CH2M Hill 1998).  No significant water storage impoundments in the 
watershed allow for a natural hydrograph that is supported by both seasonal rainfall and snowmelt 
(CH2M Hill 1998).  Mill Creek supports an independent, self‐sustaining spring run and provides the 
highest elevation spawning habitat known in California (CH2M Hill 1998).   

Spring‐run holding pools exist in the upper canyon areas, and spawning occurs between Little Mill 
Creek confluence and the Highway 36 Bridge (CH2M Hill 1998).  Armentrout et al. (1998) noted that 
the amount of holding habitat is limited in the upper 7.6 miles of Mill Creek and that holding habitat 
was more abundant in the section below the Mill Creek Campground.  There are 20 holding pools 
out of 86 pools in the 13 miles of stream that were surveyed downstream of the campground 
(Armentrout et al. 1998).  The amount of holding habitat just below this reach is unknown because it 
could not be accessed for the survey, but spring‐run were previously observed holding in this area 
(Armentrout et al. 1998). 

Mill Creek has higher sediment loading than Antelope or Deer Creeks; however, it does not appear to 
limit spring‐run salmon from spawning.  It may impact redds after flood events that redistribute the 
fines during the incubation period (Armentrout 1998).  Low flows in the lower portion of the 
watershed can impede upstream passage of adult salmonids in some years (CH2M Hill 1998).  No 
physical passage barrier limits upstream migration on Mill Creek; however, the combined effect of 
higher stream gradients, lower streamflows, and habitat availability sets the upper limit for 
migration in the headwater reaches (Armentrout et al. 1998). 

Very little distribution and abundance data on steelhead spawning are available in Mill Creek, but 
their range is expected to include the range for spring‐run and can extend beyond it (Armentrout et 
al. 1998).   

Historically, Clough Dam, Ward Dam, and Upper Diversion Dam impeded the upstream passage of 
salmonids under low‐flow conditions.  Clough Dam was removed in 2003, and Ward Dam was 
modified in 1997 to improve upstream passage (DWR 2005).  In recent years, streamflows have 
been augmented through a water exchange program to improve upstream passage for spring‐run 
Chinook (DWR 2005). 

Rearing Habitat 

The upper watershed substrate composition and pools provide a high level of habitat diversity and 
overwintering cover that supports juvenile salmonid rearing (Armentrout et al. 1998).  This portion 
of the creek is relatively undisturbed by human land use and provides relatively pristine rearing 
conditions.  Water temperatures remain low during the spring‐run rearing period and support a 
stream‐type life history.  The proportion of fry that remains in the creek to migrate as yearlings 
varies annually, depending on stream conditions (Harvey‐Arrison pers. comm.).  The lower portion 
of Mill Creek also provides good rearing habitat although low flows due to diversions can increase 
water temperature and impede juvenile migration from the creek (DWR 2005).  
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Limiting Factors 

The Mill Creek watershed is relatively undisturbed with a natural flow regime; however water 
diversions in the lower portion of the creek can increase water temperatures and impede adult 
passage upstream and juvenile passage downstream. 

Monitoring Activities 

CDFG staff has monitored spring‐run escapement on Mill Creek since 1947 using spawning area 
surveys and/or aerial redd counts (1947–1953), ladder counts (1954–1964 and 1986–1987), area 
surveys (1971–1985), electronic fish counters (1988–1996), carcass surveys, and redd surveys.  
Since 1997, CDFG staff has conducted a single redd survey at the peak of the spawning period to 
estimate the annual spring‐run spawning population.  The survey takes place between October 1 
and October 15 from the Lassen National Park boundary to the confluence of Little Mill Creek.  Staff 
collects data on the number of complete redds and the number, age class, and sex of carcasses.  The 
survey also provides information on the spatial spawning distribution and population trends over 
time. 

CDFG staff also conducted a hydroacoustic pilot study in 2006 to evaluate the use of two different 
hydroacoustic methods, Biosonics split‐beam sonar and the dual‐frequency identification sonar 
(DIDSON), to estimate spring‐run escapement to Mill Creek at Sherwood Bridge (Creek Mile 2.0).  
CDFG found the DIDSON system to be more effective because it samples a great volume and detects 
targets across a broader range of flows and water levels (Johnson et al. 2006).  No annual 
monitoring is conducted for steelhead on Mill Creek. 

Restoration Activities 

Mill Creek was identified as a priority stream in the USFWS‐AFRP Final Restoration Plan (USFWS 
2001).  In the Restoration Plan, USFWS identified four actions to help increase the natural 
production of anadromous fish in Mill Creek:  (1) continue providing instream flows to facilitate 
adult and juvenile salmonid passage; (2) develop a watershed strategy to preserve habitat 
productivity; (3) improve spawning habitat in lower Mill Creek for fall‐run Chinook; and 
(4) establish, restore, and maintain riparian habitat in lower Mill Creek.  To date, AFRP has spent 
approximately $1,000,000 on restoration projects in Mill Creek (AFRP website). 

There are four ongoing watershed projects:  (1) the Lower Mill Creek Riparian Restoration Project, 
(2) the Deer and Mill Creek Watershed Project; (3) the Deer, Mill, and Antelope Creek Stabilization 
Project; and (4) the Mill Creek Water Exchange Program (DWR 2005).  The objective of the Lower 
Mill Creek Riparian Restoration Project is to maintain and restore riparian habitat in the lower 
reaches; the project is funded through the Mill Creek Conservancy and The Nature Conservancy 
(DWR 2005).  The Deer and Mill Creek Watershed Project develops and coordinates resource plans 
to benefit spring‐run Chinook and is funded by the State Water Board (DWR 2005).  A final Mill 
Creek Watershed Management Strategy Report was completed in 1997.  The Stabilization Project is 
funded by CALFED to reduce inputs of fine sediments from road‐related sources (DWR 2005).  The 
Mill Creek Water Exchange Program is discussed in more detail below. 

Historically, Clough Dam fish ladder was considered ineffective in passing salmonids under low‐flow 
conditions (Armentrout et al. 1998).  DWR removed the dam and installed an inverted siphon pipe 
to move the diverted water to the Upper Diversion Dam under a contract awarded by the California 
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Bay‐Delta Authority (DWR 2005).  Clough Dam was removed in 2002, and the entire project was 
finished in 2003 (DWR 2005). 

The two diversion dams on Mill Creek, Ward Dam and Upper Diversion Dam, can impede the 
upstream migration of spring‐run due to reductions in streamflow (DWR 2005).  CDFG constructed 
a new modified pool and chute ladder on Ward Dam in 1997 improving upstream passage under 
lower flow conditions (DWR 2005).  A new fish screen also was installed at the Upper Diversion 
Dam in 2000 to reduce entrainment of juvenile salmonids (DWR 2005). 

Streamflows at the diversion dams are augmented through a Water Exchange Program Agreement 
between CDFG, DWR, and Los Molinos Mutual Water Company (LMMWC) to improve both upstream 
and downstream passage of salmonids (DWR 2005).  The program exchanges instream water for 
groundwater where landowners forego diversions of up to 16 cfs when additional flows are needed.  
The Mill Creek Conservancy conducted a study starting in 2004 to investigate and develop a long‐
term or permanent water management program on Mill Creek (DWR 2005). 

Mill Creek, like Antelope Creek, is one of few remaining tributaries streams where salmonids have 
access to the historical headwater stream habitat with a natural hydrograph in the upper watershed 
(Armentrout et al. 1998).  Past escapement estimates indicate that Mill Creek could support up to 
3,500 spring‐run Chinook and 2,000 steelhead (CH2M Hill 1998).  Due to the steep sides of the 
canyon, human land use impacts are mostly limited to the valley floor portion of the watershed.  
AFRP and other organizations recognized the importance of Mill Creek for spring‐run Chinook and 
have funded numerous restoration projects over the last 10 years. 

Deer Creek 

Spawning/ Holding Habitat 

Unlike most tributaries in the Sacramento River basin, salmonids can still access the headwater 
stream habitat because there are no impoundments in Deer Creek (Armentrout et al. 1998).  Deer 
Creek currently supports a self‐sustaining population of spring‐run Chinook (Lindley et al. 2007).  
Like Mill and Antelope Creeks, Deer Creek has excellent instream habitat conditions for spring‐run 
Chinook holding, spawning, and rearing (Armentrout and other 1998).  Deer Creek is in a long, 
narrow watershed with moderate to steep slopes.  It has approximately 25 miles of spring‐run 
holding habitat from Upper Falls downstream to the confluence with Rock Creek, but most holding 
occurs in the first 15.5 miles above Ponderosa Way (Armentrout et al. 1998).  Based on a survey of 
the upper 17 miles of the holding habitat, Armentrout et al. (1998) noted the presence of 
166 pools—of which 60% where classified as holding pools (depth > 6 feet). 

Spring‐run spawning extends from Upper Falls downstream nearly 30 miles, but the distribution of 
spawning can vary based on water temperatures and the amount of runoff (Armentrout et al. 1998).  
Based on visual observations, Armentrout et al. (1998) noted that the spawning substrate is in good 
condition with a low amount of fine sediment. 

Very little distribution and abundance data are available on steelhead spawning in Deer Creek, but 
their range is expected to include the range for spring‐run and can extend beyond it (Armentrout et 
al. 1998).  Steelhead have access to an additional 13 miles of habitat when the fish ladder at Upper 
Falls is opened in fall (DWR 2005). 
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Rearing Habitat 

The habitat diversity is high in Deer Creek and provides an abundance of microhabitats to support 
the needs of juvenile salmonids during their stream residency (Armentrout et al. 1998).  Deer Creek 
also provides the cobble and gravel substrates with open interstitial spaces necessary for 
overwintering juvenile spring‐run Chinook and steelhead (Armentrout et al. 1998).  Like Mill Creek, 
Deer Creek supports a stream‐type life history, with a varying proportion of spring‐run remaining in 
the creek and migrating as yearlings.  Rearing and outmigration in the lower portion of the Creek 
has improved after all the diversions were screened to prevent entrainment (Harvey 1997).   

Limiting Factors 

Water diversions on the valley floor of the creek are physical barriers and reduce springtime flows, 
which can delay adult spring‐run migration into the creek and impact outmigration of juvenile 
spring‐run and steelhead.  The five diversions are Stanford‐Vina Ranch Diversion Dam, Cone‐
Kimball Diversion Dam, North Main Diversion Canal, Deer Creek Irrigation Dam, and an unnamed 
canal on Deer Creek (DWR 2005).  The low flows also increase water temperatures in the lower 
portion of the creek, limiting juvenile rearing in the Valley reach. 

The upper watershed is inaccessible for most of its length due to the steep canyon walls, except 
where Highway 32 parallels the creek, limiting human use.  However, the unstable sloughing of soil 
on the canyon shelves due to roads, landings, and skid trails can affect water quality (DWR 2005).  
Fishing for spring‐run on a catch‐and‐release basis (with gear restrictions) is permitted from the 
end of April until November 15 (NMFS 2008).  The impacts of fishing on the holding and spawning 
adults have not been documented, but some inadvertent negative impacts due to anglers disturbing 
redds are possible (NMFS 2008). 

Deer Creek provides relatively good rearing habitat for juvenile salmonids; but flood control 
activities have reduced channel diversity, riparian habitat, instream cover, and floodplain habitat 
(NMFS 2008).  All of the water diversions have fish screens to reduce mortality, but low flows can 
impede fish passage (DWR 2005). 

Monitoring Activities 

CDFG has monitored spring‐run escapement in Deer Creek since 1940 using partial weir and ladder 
counts (1940–1948), spawning area surveys and/or aerial redd counts (1948–1956), electronic fish 
counters (1963–1964), area surveys (1970–1986), carcass surveys, and snorkel surveys (1987–
1991).  Since 1992, CDFG staff has conducted a standardized snorkel survey to estimate the annual 
spawning population by making a single pass during the first week of August between Upper Deer 
Creek Falls and Dillon Cove.  CDFG collects data on the number of salmon observed and the spatial 
distribution.  No annual monitoring is conducted for steelhead on Deer Creek. 

Restoration Activities 

In 1999, USFWS prepared a draft Programmatic Environmental Assessment of anadromous fish 
restoration actions in Lower Deer Creek (USFWS 1999).  The proposed actions were divided into 
10 categories: (1) land conservation; (2) fish screens; (3) fish passage; (4) channel and instream 
habitat modifications; (5) spawning gravel replenishment; (6) streambank modification; (7) riparian 
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revegetation; (8) meander belt and floodplain management; (9) agricultural management; and 
(10) road management. 

Deer Creek was identified as a priority stream in the AFRP Final Restoration Plan (USFWS 2001).  In 
the Restoration Plan, USFWS identified five actions to help increase the natural production of 
anadromous fish in Deer Creek:  (1) acquire water from willing sellers to supplement instream flows 
in the lower 10 miles of Deer Creek; (2) develop a watershed management plan; (3) improve 
spawning habitat in lower Deer Creek for fall and late‐fall‐run Chinook; (4) restore and preserve 
riparian habitats along Deer Creek; and (5) plan and coordinate flood management activities with 
least damage to fishery resources and riparian habitat. 

AFRP has funded several projects in Deer Creek to protect riparian habitat and reduce erosion.  Two 
projects focused on protecting the riparian corridor in the lower Deer Creek watershed.  In 1997, 
2.5 miles of riparian corridor was acquired resulting in the protection of 468 acres of riparian 
habitat; another project, completed in 2004, fenced off two sections of streambank to protect a 
Nature Conservancy conservation easement (DWR 2005).  In addition, an erosion control project 
was undertaken to identify the highest erosion sites in the Upper Meadows area of Deer Creek and 
offered engineered solutions to some specific sites (CSUC 2001a). 

In August 2007, the Deer Creek Irrigation District (DCID) entered into a long‐term agreement with 
DWR and CDFG to construct, operate, maintain, and monitor a flow enhancement program on lower 
Deer Creek in order to improve passage for both adult spring‐run and juvenile salmonids.  The Deer 
Creek Flow Enhancement Program provides DCID with a supplemental agricultural water supply so 
that surface water can remain in the creek when needed in spring and early fall to support fish 
passage.  The supplemental supply includes water acquired from new groundwater wells, efficiency 
improvements to DCID’s distribution system, and new water management techniques (DCID et al. 
2005).  Operation of the program incorporates adaptive management and a comprehensive 
monitoring program, and fulfills the groundwater protection requirements in the Tehama County 
AB 3030 Groundwater Management Plan (DCID et al. 2005).   

The instream flows are augmented when the flows below the Stanford‐Vina Diversion Dam are 
measured at less than or equal to 50 cfs between April 1 and June 30, and again between October 15 
and November 15 (DCID 2008).  In that case, DCID bypasses up to 10 cfs of surface water in Deer 
Creek.  CDFG also can request DCID to bypass up to 30 cfs for 1 or 2 consecutive days in order to 
generate a pulse flow to attract migrating adults (DCID 2008).  As part of the agreement, CDFG will 
conduct a Fish Passage Management Assessment Program to evaluate the effectiveness of the flow 
actions (DCID 2008).  In addition to the Flow Enhancement Program, DWR is working with DCID to 
improve fish passage at the DCID Diversion Dam (DWR website).  DWR is currently developing a 
detailed topographic survey of the area and will conduct a preliminary engineering investigation 
(DWR website).   

The Stanford‐Vina Ranch Irrigation Company (SVRIC) has improved its fish ladder on the Stanford‐
Vina Ranch Diversion Dam and constructed a holding pool downstream of the dam to improve adult 
passage (DWR 2005).  The SVRIC also has voluntarily bypassed instream flow upon request by CDFG 
to augment flows during critical migration periods for anadromous salmonids (DWR 2005). 

Further downstream, the Deer Creek Watershed Conservancy (DCWC) is working on a Lower Deer 
Creek Restoration and Flood Management Feasibility Study with funding from the CALFED ERP 
(Tompkins et al. 2007).  The project is intended to implement flood management actions that 
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provide flood flow conveyance while improving ecosystem health and function (Tompkins et al. 
2007).  The project includes baseline monitoring, a feasibility study, identifying project elements, 
conceptual design of those elements, environmental documentation, implementation, monitoring, 
and adaptive management.  As part of the study, Mussetter Engineering et al. (2007) identified two 
sets of alternatives—one that involves actions downstream of Highway 99 and another that involves 
actions upstream of Highway 99, two hydraulically disconnected reaches.   

Deer Creek, like Antelope and Mill Creeks, is one of few remaining tributaries streams where 
salmonids have access to the historical headwater stream habitat with a natural hydrograph in the 
upper watershed (Armentrout et al. 1998).  The average natural production has been estimated at 
3,260 spring‐run Chinook and approximately 1,000 steelhead (CH2M Hill 1998).  Due to the steep 
sides of the canyon, human land use impacts are mostly limited to the valley floor portion of the 
watershed.  Similar to Mill Creek, AFRP and other organizations recognized the importance of Deer 
Creek for spring‐run Chinook and have funded numerous restoration projects over the last 10 years. 

Butte Creek 

Spawning/ Holding Habitat 

Butte Creek currently supports an independent, self‐sustaining spring‐run Chinook population 
(Lindley et al. 2007).  This population is also the largest remaining population in the Central Valley.  
Near the headwaters, several small tributaries converge in the Butte Meadows basin then Butte 
Creek flows through a steep canyon approximately 25 miles in length where it drops into the valley 
floor near the city of Chico (BCWP 1998).  Approximately 6 miles downstream of the Butte Meadows 
is the first major diversion dam, the Butte Creek Diversion Dam (also referred to as the Butte Creek 
Head Dam).  Downstream of the Butte Creek Diversion Dam is a section with several large waterfalls 
that is “pool‐drop” in nature and is believed to restrict upstream salmonid migration except during 
periods of extremely high flows (BCWP 1998).  Butte Creek continues downstream to the DeSabla 
Powerhouse where the creek is commingled with water from the West Branch of the Feather River 
(PG&E 2007b).  Just downstream of the DeSabla Powerhouse, Butte Creek is diverted at the 
Centerville Diversion Dam, which is considered the upper limit for salmonid migration (PG&E 
2007b).  

During summer, spring‐run Chinook use holding pools between a natural barrier (known as the 
Quartz Bowl) about 1 mile below Centerville Diversion Dam and the Honey Run Covered Bridge, a 
distance of about 10 miles (BCWP 1998).  Most of the spawning occurs in this area, but spring‐run 
also move further downstream near the Parrot‐Phelan Diversion (BCWP 1998).  In years with 
higher flows, both spatial and temporal overlap in spawning of fall and spring‐run Chinook can 
occur; in most years, fall‐run spawning occurs downstream of the Parrot‐Phelan Diversion (CH2M 
Hill 1998).  Imported water from the Feather River may encourage straying by Feather River 
Hatchery spring‐run Chinook into Butte Creek. 

Historically, steelhead may have accessed the Butte Meadows, but spawning is now restricted to the 
area between the Centerville Diversion Dam and Parrot‐Phelan Diversion on the mainstem and to 
tributaries such as Dry Creek, except during periods of extremely high flows (BCWP 1998). 
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Rearing Habitat 

Because spawning occurs at a much lower elevation in Butte Creek compared to Mill and Deer 
Creeks, the spring‐run exhibit more of an ocean‐type life history.  Most of the fry migrate out of the 
creek upon emergence while a smaller fraction migrates as juveniles in spring (BCWP 1998).  A few 
spring‐run remain and migrate as yearlings the following fall.  Steelhead and the remaining spring‐
run rear below Centerville Diversion Dam where summer flows are generally high enough to keep 
water temperature below 68 °F (BCWP 1998).  The fry that migrate upon emergence use both the 
lower portion of Butte Creek and the Sutter Bypass for rearing prior to emigration in the late spring 
(BCWP 1998).   

Limiting Factors 

Fish passage is a major factor affecting both adult and juvenile salmonids in Butte Creek.  Starting 
from the Sutter Bypass, adult salmonid passage is affected by about 22 major structures—including 
agricultural diversions, hydroelectric dams, and flood bypasses (DWR 2005).  Low flows and the 
associated increased water temperatures can be problematic for all life stages of salmonids within 
Butte Creek.  Water quality is generally good in the upper watershed, but dissolved oxygen 
concentrations and water temperatures are the primary water quality issues in the lower portion of 
Butte Creek (DWR 2005).  Agricultural and flood management practices have altered the natural 
stream processes, reducing the amount of riparian habitat in Butte Creek (DWR 2005).  Beneficial 
uses that can impact salmonid habitat include gravel extraction, mining, recreation, water diversions 
for waterfowl habitat, and timber harvest (DWR 2005). 

Monitoring Activities 

Since 1995, CDFG staff has conducted a snorkel survey on Butte Creek in July—from the Quartz 
Bowl to the Covered Bridge—to estimate the annual escapement of spring‐run Chinook and 
steelhead.  CDFG collects data on the number of spawners, age distribution, and spatial distribution.  
From 1954 to 1990, CDFG estimated spring‐run escapement based on expansions from an annual 
carcass, redd, and live salmon counts survey.  In 1991, CDFG switched to the snorkel survey; and the 
methods were standardized in 1995.  PG&E also conducted a snorkel survey in Butte Creek from 
1981 to 1994. 

Since 1995, CDFG staff also has conducted a carcass survey to estimate spring‐run escapement.  The 
survey is conducted between June 15 and December 31 each year between the Quartz Bowl and the 
Western Canal Siphon.  CDFG uses the survey to calculate the annual spring‐run escapement along 
with an estimate of pre‐spawn mortality, spatial and temporal distribution, and size and age 
composition.   

Restoration Activities 

Formation of the Butte Creek Watershed Conservancy (BCWC) in 1995 brought together 
landowners; water users; recreational users; conservation groups; and local, state, and federal 
agencies to protect, restore, and enhance the Butte Creek watershed (BCWC 2000).  BCWC enlisted 
the services of California State University (CSU), Chico to prepare an Existing Conditions Report that 
was completed in 1998.  The Existing Conditions Report was used to support BCWC in preparing a 
Watershed Management Strategy that was completed in 2000.  The Watershed Management 
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Strategy outlines a series of goals and objectives to provide an adaptive management framework 
and a list of potential projects and actions (BCWC 2000).   

The goals and objectives addressed issues related to education and outreach, recreation, fisheries, 
fuel load, timber management, road erosion, groundwater and water supply, water quality, and 
flooding (BCWC 2000).  For fisheries, the goal was to help enhance and maintain the native fishery—
with emphasis on salmon and steelhead.  The objectives included supporting efforts to improve 
passage; protect and enhance existing riparian habitat by providing outreach, assistance, and 
incentives to willing landowners; maintain and improve water quality through monitoring and 
encouraging implementation of best management practices (BCWC 2000).  Since then, BCWC has 
worked on projects to improve fish passage, provided facilities for community cleanups, and 
supported educational programs within the watershed.  Currently, BCWC is completing the 
education and outreach portions of two grants, the CALFED Rural Roads Grant and the Butte Creek 
Groundwater Modeling Grant (BCWC website). 

Butte Creek was identified as a priority stream in the AFRP Final Restoration Plan (USFWS 2001).  In 
the Restoration Plan, USFWS identified 14 high‐priority and 27 medium‐priority actions to help 
increase the natural production of anadromous fish in Butte Creek.  The priority actions addressed 
increasing instream flow, passage and screens at diversions, removing dams, developing a 
watershed management plan, establishing operational criteria, and evaluating juvenile spring‐run 
Chinook life history (USFWS 2001).  Since 2001, AFRP has provided approximately $2.5 million 
towards these restoration actions (AFRP website). 

Western Canal District involvement in restoration actions to improve passage in the middle reaches 
of the mainstem of Butte Creek has resulted in removal of five diversion dams:  the Western Canal 
Main Dam, Western Canal East Channel Dam, Point Four Dam, McGowan Dam, and McPherrin Dam 
(DWR 2005).   

CDFG worked with landowners and other agencies to improve passage in Butte Creek, including 
installing a new fish screen and a pool and chute ladder at the Parrot‐Phelan Diversion Dam (DWR 
2005).  CDFG is conducting a multi‐year study on juvenile spring‐run Chinook life history and 
manages a 285‐acre Ecological Preserve along Butte Creek.  In 1998, with funding from USFWS, 
National Fish and Wildlife Foundation, CALFED, and the Wildlife Conservation Board, the CSU, Chico 
Research Foundation purchased a 93‐acre parcel now known as the Butte Creek Ecological Preserve 
Honey Run unit.  The unit is adjacent to the CDFG Butte Creek Canyon Ecological Reserve (CSUC 
2001b).  The management goals for the Honey Run unit are restoring, protecting, and enhancing 
habitat for spring‐run Chinook and steelhead; improving riparian habitat; and creating a living 
laboratory and field classroom (CSUC 2001b).   

DWR engineered three fish ladders and screen designs.  The ladders and screens were constructed 
in 1997 at Durham Mutual, Adams, and Gorrill Diversion Dams (DWR 2005).  In 1999, the Sanborn 
Slough/Butte Creek Bifurcation Structure was modified to improve flow and fish passage.  DWR also 
is working with Ducks Unlimited and various consulting firms on the multi‐faceted Lower Butte 
Creek Project (DWR 2005).  As part of the Lower Butte Creek Project, the Sutter Bypass East Borrow 
Canal Water Control Structures Project modifies Weir No. 2 and the Willow Slough Weir, including 
replacing existing fish ladders to improve passage (DWR website). 

PG&E is in the process of relicensing the DeSabla‐Centerville Project, FERC Project No. 803, with 
FERC.  The current license expires in October 2009.  PG&E is proposing to continue operating the 
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project with no changes to the generation facilities but will adopt resource management measures, 
remove five stream diversions that are no longer used, and rebuild or refurbish the Centerville 
Powerhouse (PG&E 2007b).  Since 1999, PG&E has worked with CDFG, NMFS, and USFWS to 
develop an Annual Operations and Maintenance Plan to enhance and protect spring‐run Chinook 
habitat each summer.  PG&E releases water from Round Valley and Philbrook Reservoirs to provide 
additional cool water for spring‐run holding from June until mid‐September each year (PG&E 
2007b).  In addition, PG&E increased flows below Lower Centerville Diversion Dam to 60 cfs from 
late September through February in 2004 to increase spring‐run spawning habitat (PG&E 2007b).  
In following years, PG&E has increased the instream flows from 60 to 75 cfs.  In the FERC license 
application, PG&E proposed additional changes to the minimum instreamflow releases below Lower 
Centerville Dam based on water‐year type in order to continue maximizing the cool water benefits 
for spring‐run Chinook holding, spawning, and rearing (Table 2). 

Table 2.  Proposed Minimum Instream Flows below Lower Centerville Diversion Dam According to 
Water‐Year Type 

Months 
Normal Water­Year Type 
Minimum Instream Flows 

Dry Water­Year Type 
Minimum Instream Flows 

Sep 15 – Jan 31  75 cfs  60 cfs 

Feb 1 – Apr 30  80 cfs  75 cfs 

May 1 – May 31  80 cfs  65 cfs 

Jun 1 – Sep 14  40 cfs  40 cfs 

Source:  Pacific Gas and Electric Company.  2007.  DeSabla‐Centerville Project:  license application.  FERC 
Project No. 803.  October.  San Francisco, CA. 

The spring‐run Chinook population in Butte Creek has increased in the last 10 years in part due to 
the restoration activities taking place (Figure 2).  Due to the low elevation of the watershed, years 
with below‐normal precipitation water temperatures can limit spring‐run salmon production.  High 
levels of pre‐spawn mortality can occur in years when summer water temperatures exceed the 
tolerance of holding spring‐run Chinook.  High summer water temperatures also can affect salmonid 
rearing within Butte Creek.  Recent and ongoing improvements in the Sutter Bypass, however, are 
providing additional salmonid rearing habitat.  

Big Chico Creek 

Spawning/ Holding Habitat 

Historically, Big Chico Creek supported a small run (up to 1,000 fish) of spring‐run Chinook, but a 
viable population is no longer believed to exist (CH2M Hill 1998).  Spring‐run Chinook have been 
observed in low numbers in recent years, and water temperatures below Iron Canyon often exceed 
their tolerance during the summer holding and egg incubation period.  Spring‐run summer holding 
and spawning habitat is limited to a 9‐mile stretch between Iron Canyon and Higgin’s Hole in the 
foothill reach of Big Chico Creek (BCCWA date unknown).  Although passage through Iron Canyon 
Fish Ladder can be impeded in low‐flow years, the habitat in this upper portion of the watershed is 
relatively pristine (CH2M Hill 1998). 
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Steelhead also use Big Chico Creek, and spawning occurs in the foothill reach (BCCWA date 
unknown).  Steelhead distribution data are limited due to a lack of species‐specific monitoring.  
Historically, steelhead were observed in Big Chico Creek, and their presence has been detected in 
recent monitoring by CDFG. 

Rearing Habitat 

Both the foothill reach, between Higgin’s Hole and Iron Canyon, and the valley reach provide 
salmonid rearing habitat (BCCWA unknown date).  Conditions in the foothill reach are suitable for 
the year‐round rearing necessary for steelhead (BCCWA unknown date).  Rearing also occurs in Mud 
and Rock Creeks although habitat in these creeks has been degraded by flood control measures 
leading to high water temperatures in most years (CH2M Hill 1998).   

Limiting Factors 

Low flows and high water temperatures are the most limiting factors in Big Chico Creek for spring‐
run and steelhead.  Low flows affect passage for both adults and juveniles.  Loss of riparian habitat 
in the valley reach and diversion by flood control structures also limit salmonid production (BCCWA 
2006). 

Monitoring Activities 

CDFG staff conducts a single snorkel survey on Big Chico Creek each July to estimate the annual 
escapement of spring‐run Chinook and steelhead.  CDFG collects data on the number of spawners, 
age distribution, and spatial distribution.  From 1956 to 1985, CDFG estimated spring‐run Chinook 
escapement based on expansions from observational surveys.  In 1989, CDFG switched to the 
snorkel survey; and the methods were standardized in 1995.   

Restoration Activities 

The Big Chico Creek Watershed Alliance adopted a Watershed Management Strategy in 2006 
(BCCWA 2006).  The management strategy identifies goals, objectives, and potential actions to 
protect and enhance both the ecological integrity and economic vitality of the watershed.  Several 
goals related to salmonids include restoring water quality, restoring sustainable populations of 
native fish, restoring functioning riparian habitat, and eradicating non‐native plant species.  

Some of the specific actions include reducing agricultural and urban runoff, reducing stream 
temperatures, improving the Iron Canyon Fish Ladder, improving passage at diversion dams and 
culverts, enhancing rearing habitat, restoring floodplain and riparian habitats, and eradicating non‐
native plant species and replanting with native species.   

DWR prepared a Preliminary Engineering Technical Report (2002) for the proposed Iron Canyon 
Fish Ladder repair.  Following this technical report, HDR et al. (2006) evaluated the feasibility of the 
project.  HDR et al. (2006) concluded that no physical constraints would preclude construction of 
the ladder and that performance of the proposed ladder was expected to surpass that of the existing 
ladder over its 50‐year life span.  Improvements to the existing ladder would allow passage to 
existing spawning and holding habitat over a broader range of flows (HDR et al. 2006).  



California Department of Water Resources  Background Report 
 

 
  

37 
November 2009

 

Yuba River 

Spawning/ Holding Habitat 

Englebright Dam (RM 24) is the upper limit for salmonid migration in the Yuba River (CH2M Hill 
1998).  The channel below Englebright Dam, referred to as the Lower Yuba River channel, is still 
strongly influenced by the effects of historical hydraulic mining (ENTRIX and Monroe 2003).  The 
entire Lower Yuba River channel is accessible to both spring and fall‐run Chinook for spawning and 
rearing.  

The section just downstream of Englebright Dam to the confluence with Deer Creek does not 
provide adequate habitat for spring‐run spawning due to the bedrock canyon geometry, high 
velocities, and lack of spawning gravel (Pasternack 2008).  This reach is the most heavily impacted, 
and spring‐run were observed clustering in this area where they failed to reproduce (Pasternack 
2008).   

Below this reach is the Rose Bar reach, as defined by ENTRIX and Monroe(2003), which has a 
relatively complex stream morphology consisting of deep pools, long riffles and runs, low amounts 
of fine sediment, and low water temperatures (ENTRIX and Monroe 2003).  This reach has good 
spawning gravel and provides adequate spawning and holding habitat for spring‐run Chinook 
(ENTRIX and Monroe 2003).  Pasternack (2008) noted that this section is incising due to a lack of 
sediment influx but nevertheless is geomorphically self‐sustaining, with excellent Chinook salmon 
spawning habitat and sufficient gravel supplies.   

The next reach, Parks Bar, is approximately 6 miles long between the Rose Bar Reach and Daguerre 
Point Dam.  The channel is less sinuous with wide, flat, fluvial terraces and sparse riparian habitat 
(ENTRIX and Monroe 2003).  The upper 2 to 3 miles of the reach are similar to the Rose Bar reach 
and provide the best spawning and holding habitat in this reach; however, spawning does occur 
throughout the reach along the cobble bars and the backwater areas of side channels (ENTRIX and 
Monroe 2003).   

Both the Rose Bar and Parks Bar reaches support steelhead spawning, but habitat availability and 
quality may be more limiting due to the preponderance of larger cobble and small boulders (ENTRIX 
and Monroe 2003).  Pasternack (2008) noted that there are temporary local patches of finer gravel 
for steelhead spawning. 

The Daguerre reach, beginning at the Daguerre Point Dam (RM 11) and ending at the confluence 
with the Feather River, is used by adult spring‐run only as a migration corridor.  The river gradient 
decreases in this stretch and the floodplain widens, with only a few deep pools (ENTRIX and Monroe 
2003).  Summer water temperatures and the lack of sufficient holding pools make the reach 
unsuitable for spring‐run spawning and holding. 

CDFG (1991) calculated that spring flows of 1,000 cfs in April, 2,000 cfs in May, and 1,500 cfs would 
provide adequate spring‐run Chinook attraction and adult migration flows.  Flows at 700 cfs would 
provide adequate conditions for salmonid adult migration and spawning, and would prevent redd 
dewatering between mid‐October and March (CDFG 1991).  
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Rearing Habitat 

All three reaches provide suitable rearing habitat, and the upper reaches provide adequate year‐
round temperatures to support the spring‐run yearling life stage.  However, the Daguerre reach may 
not be as suitable in some years, especially low‐flow years, due to higher water temperatures and 
more predation pressure (ENTRIX and Monroe 2003).  Based on an analysis conducted by CDFG 
(1991), the greatest amount of rearing habitat for fry occurs at flows of 100 cfs and between 150 
and 200 cfs for juvenile Chinook.  However, CDFG calculated that flows near 700 cfs between mid‐
October and March did not significantly reduce the amount of fry and juvenile habitat while 
benefitting early outmigrant spring‐run juveniles and spawning adults.  The higher spring flows 
(1,000 to 2,000 cfs) also reduce the amount of fry and juvenile habitat but are necessary for the 
needs of other life stages (CDFG 1991). 

The greatest amount of steelhead fry habitat occurs between 100 and 200 cfs (CDFG 1991).  For 
steelhead, juvenile flows between 200 and 350 cfs maximize the amount of rearing habitat; 
however, spawning steelhead need flows between 600 and 800 cfs (CDFG 1991).  Below Daguerre 
Point Dam, adequate juvenile steelhead rearing conditions are available when flows are between 
250 and 450 cfs, between July and mid‐October (CDFG 1991). 

Limiting Factors 

Englebright Dam is an impassable barrier to spring‐run migration into the upper reaches of the 
watershed, limiting spawning habitat availability.  The lack of spawning habitat and gravel in the 
reach just below Englebright Dam also can affect spring‐run production in the Yuba River 
(Pasternack 2008).  In the reach below Daguerre Point Dam, gravel recruitment is limited except 
when flows are high enough to move gravel from the mined debris along the edge of the riverbank 
(ENTRIX and Monroe 2003).  Because of no spatial separation with fall‐run, redd superimposition 
can occur in the two reaches above Daguerre Point Dam (ENTRIX and Monroe 2003).  

Spring‐run passage through the fish ladder on Daguerre Point Dam can be delayed when springtime 
flows are less than 400 cfs or greater than 2,500 cfs (ENTRIX and Monroe 2003).  Steelhead passage 
at Daguerre Point Dam can be delayed when fall flows are greater than 2,000 cfs (ENTRIX and 
Monroe 2003).  When passage is delayed for an extended period, the chance of injury associated 
with attempting to pass over the dam face is increased; or a loss of condition can affect egg 
production (ENTRIX and Monroe 2003).   

The existing riparian habitat below Daguerre Point Dam only minimally benefits rearing salmonids 
(CDFG 1991).  The loss of riparian habitat reduces nutrient inputs to the river and increases water 
temperatures, making the lowest portion of the river less suitable for juvenile Chinook and 
steelhead rearing.  Entrainment of juvenile Chinook in agricultural diversions also reduces spring‐
run Chinook and steelhead production in the Yuba River.  There are three major diversions facilities 
on the Lower Yuba River:  Browns Valley Irrigation, Hallwood‐Cordua, and South Yuba and Brophy 
Water Districts (CDFG 1991).   

Monitoring Activities 

CDFG and USFWS conducted spring‐run spawning surveys on the Yuba River between 1999 and 
2003; historically, annual surveys were conducted only sporadically starting in 1972 (ENTRIX and 
Monroe 2003).  In 2003, CDFG installed a Vaki River‐Watcher system in the fish ladders on Daguerre 
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Point Dam.  The automated fish counters allow for continuous monitoring of adult salmonid passage 
through the fish ladders and evaluation of the temporal distribution of Chinook salmon and 
steelhead populations and straying rates of non‐native salmonids.   

Restoration Activities 

The Yuba County Water Agency (YCWA) worked with a coalition of stakeholders and agencies to 
develop a set of agreements that form the proposed Lower Yuba River Accord (Yuba Accord) (YCWA 
2005).  The Yuba Accord resolves nearly 15 years of litigation over instream flows requirements for 
the Lower Yuba River (YCWA 2005) that were recommended in the CDFG Lower Yuba River 
Fisheries Management Plan.  The Yuba Accord has three separate proposed agreements: a Fisheries 
Agreement, a Water Purchase Agreement, and a Conjunctive Use Agreement (YCWA 2005).   

The Fisheries Agreement establishes new instream flow requirements based on the water‐year type 
(YCWA 2005).  The higher flows will improve instream habitat conditions during summer and fall 
months in part for spring‐run holding and spawning, and juvenile steelhead rearing.  The agreement 
also provides funding for long‐term scientific fisheries monitoring, studies, and enhancement 
projects (YCWA 2005).  Implementation of the instream flows was started on an interim basis in 
2006, with full implementation to begin in 2008.  The final environmental impact 
report/environmental impact statement for the Yuba Accord was completed in October 2007. 

The Daguerre Point Dam Fish Passage Improvement Project was initiated, with DWR and the U.S. 
Army Corps of Engineers (USACE) as lead agencies, to address the fish passage problem identified at 
Daguerre Point Dam (Wood Rodgers 2003).  The goal of the project is to improve upstream and 
downstream passage for salmonids while keeping water interests whole and not increasing the risk 
of flood (Wood Rodgers 2003).  Wood Rodgers (2003) evaluated the benefits, limitations, and 
estimated cost of the alternative projects identified by the Yuba River Technical Working Group.  
The alternatives include: (1) no action; (2) build new fish passage facilities at either the existing 
location or at a new location or low‐head weirs; (3) notch the dam; (4) construct either a short or 
long reach natural channel around the dam; and (5) remove the dam and construct new fish screens 
and pump stations at the existing location or 3 miles upstream (Wood Rodgers 2003).    

In November 2007, University of California, Davis, USFWS, and USACE implemented an 
experimental gravel injection project just below Englebright Dam to evaluate its use as a habitat 
enhancement tool for spring‐run Chinook (Pasternack 2008).  Because flows were not sufficiently 
high in winter 2008 to mobilize the gravel, the results from the project are not yet available.  
However, modeling efforts conducted as part of the project demonstrated constriction of the upper 
part of the Englebright reach, which limits the potential for gravel deposition (Pasternack 2008).  
Pasternack (2008) concluded that this reach is not geomorphically self‐sustaining like the reach 
below, scour is focused on the center of the channel preventing cross‐channel gravel riffles from 
forming, and gravel deposition would occur only along channel margins and recirculation zones.  In 
addition, shot rock has replaced a large point bar, composed of spawning gravel, and is taking up 
potential deposition space (Pasternack 2008).   

The Upper Yuba River Studies Program Study Team (Study Team) prepared a watershed habitat 
assessment of the Upper Yuba River for DWR in 2007.  The purpose of the assessment was to 
determine the biological, environmental, and socioeconomic feasibility of introducing Chinook 
salmon and steelhead into the watershed above Englebright Dam (UYRSPST 2007).  The assessment 
focused on the Middle and South Yuba River because the North Yuba River is blocked by New 
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Bullards Bar Dam (UYRSPST 2007).  Water temperatures could potentially limit the use of both 
forks by Chinook and steelhead.  Field studies conducted in 2003 suggested that water temperatures 
were problematic; however, further analysis conducted in 2004 found that temperatures were 
thermally suitable for holding on a portion of the Middle Yuba River (UYRSPST 2007).   

Approximately 5.6 miles of habitat on the Middle Yuba River were thermally suitable, and 0.5 mile 
was within the optimal range for spring‐run Chinook holding and spawning below a natural barrier 
(UYRSPST 2007).  The Study Team (UYRSPST 2007) estimated that combined habitat would support 
approximately 600 spring‐run Chinook.  An increase in flow would extend the habitat by an 
additional 11.7 miles and support a total of 1,650 spring‐run Chinook.  The increased flow also 
would provide 14 miles of steelhead spawning habitat supporting approximately 2,640 adults 
(UYRSPST 2007).  Under 2004 operations, conditions were suitable for fall‐run Chinook; therefore, 
hybridization and redd superimposition could reduce spring‐run production on the Middle Yuba 
River (UYRSPST 2007).   

2004 operations provided suitable habitat and thermal conditions to support other life stages of 
both spring‐run Chinook and steelhead on the Middle Yuba River.  Given the results, the Study Team 
determined that the upper watershed is capable of supporting salmonids and that increased flow 
would lengthen the amount of thermally suitable habitat for both spring‐run Chinook and steelhead 
on the Middle Yuba River (UYRSPST 2007).  The South Yuba River did not have suitable thermal 
conditions under 2004 operations, but operational changes could lower water temperatures to 
support spring‐run Chinook and steelhead spawning (UYRSPST 2007). 

NMFS recently issued a contract for a watershed‐based habitat suitability assessment and 
conceptual plans for engineered fish passage design alternatives to allow fish passage through or 
around Englebright Dam (Edmondson pers. comm.).  The contract is scheduled for completion by 
the end of the fiscal year 2009.  The plan will, in part, identify potential habitat, facilities, and 
conceptual‐level operation procedures and will clarify the hydropower regulatory environment 
among the multiple licensees and agencies (Edmonson pers. comm.). 

The lower Yuba River does not have a self‐sustaining, independent population of spring‐run 
Chinook; however, it does have a small spring‐run population that is supported by Feather River 
Hatchery operations (DWR 2007, Lindley et al. 2007).  The lower Yuba River has a relatively 
naturalized flow regime and substantial sediment storage that will support reach‐scale 
rehabilitation (Pasternack 2008).  Therefore, this small population could benefit from restoration 
activities.  However, the Yuba River continues to experience hybridization between spring‐run and 
fall‐run Chinook due to the lack of spatial and temporal separation (Yoshiyama et al. 2001).  Fish 
passage around Englebright Dam could be managed to provide access to spawning, holding, and 
rearing habitat for both spring‐run Chinook and steelhead and could provide spatial separation 
between spring‐run and fall‐run Chinook.  

American River 

Spawning/ Holding Habitat 

By 1955, with the completion of Folsom and Nimbus Dams, spring‐run Chinook were extirpated 
from the American River.  No suitable habitat for spring‐run exists in the lower American River.   
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Steelhead are currently limited to the lower 23 miles of the American River at the confluence with 
the Sacramento River to Nimbus.  The upper portion of lower American River from Nimbus Dam to 
Goethe Park (RM 14) provides a diversity of aquatic habitat unrestricted by levees, while the section 
downstream from Goethe Park is bordered by levees resulting in a reduction in river meander and a 
deeper channel (SWRI 2001).   

Snider and Beak Consultants, Inc. (1992) developed a geomorphically based habitat classification 
system for the lower American River that divided the lower river into three reaches.  Reach 1, from 
the confluence to Paradise Beach Recreation Area, is approximately 5 miles long and characterized 
by a very low channel gradient and tidal fluctuations (SWRI 2001).  The reach is dominated with 
long uniform flatwater stretches along with bar complexes consisting of glide and pool habitats only 
(SWRI 2001).  Reach 2, from Paradise Beach Recreation Area to the Gristmill Dam Recreation Area, 
is approximately 7 miles long and is characterized by a predominately sand‐bed channel dominated 
with flatwater areas (SWRI 2001).  However, Reach 2 also has eight off‐channel features and bar 
complexes with all four habitat types (riffle, run, glide, and pool) (SWRI 2001).  Reach 3, from 
Gristmill Dam Recreation Area to Nimbus Dam, is approximately 11 miles long and is characterized 
by a relatively high gradient, gravel bed channel.  Reach 3 has less flatwater area than the other two 
reaches, five off‐channel features, and various bar complexes with all four habitat types (SWRI 
2001).   

Most spawning occurs in the upper 3 miles of the lower American River (NMFS 2004).  The total 
spawning area peaks at flows of 2,400 cfs, but the availability varies only slightly between 1,000 and 
4,000 cfs (NMFS 2004).   

Rearing Habitat 

Conditions from Watt Avenue (RM 9) to Nimbus Dam are generally suitable for the year‐round 
rearing necessary for steelhead.  Steelhead occasionally can be found rearing slightly lower in the 
river between Paradise Beach (RM 5) and Watt Avenue, depending on water temperatures (SWRI 
2001).   

Limiting Factors 

High water temperature between July and September is probably the primary factor limiting 
steelhead production in the lower American River (SWRI 2001).  NMFS set the temperature 
objective at a daily mean temperature of 65 °F at Watt Avenue for juvenile rearing but can adjust 
this objective depending on the size of the coldwater pool in Folsom Reservoir each year (NMFS 
2004).  In years with a low coldwater pool, water temperatures can exceed 65 °F between May and 
October; temperatures can reach 75 °F in July and August (NMFS 2004).   

Flood control releases in spring can cause redd scouring, and the flow reductions following the 
releases can cause redd dewatering or stranding of fry and juveniles (NMFS 2004).  In addition, 
harvest impacts (angling), hatchery practices, loss of riparian habitat, and predation may limit 
steelhead production in the lower American River (SWRI 2001). 

Monitoring Activities 

Since 2001, CDFG has conducted redd surveys and live adult counts for steelhead to estimate the 
number of in‐river spawners, spawning distribution and time, and the percent of hatchery to wild 
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spawners.  CDFG staff surveys every 2 weeks from December 20 through the first week in April, 
from Nimbus Dam (RM 23) to Paradise Beach (RM 5).  The surveys are conducted by jet boat, 
walking, or snorkeling.   

Restoration Activities 

Reclamation operates Folsom and Nimbus Dams as part of the CVP; flows are managed on the lower 
American River to provide flood protection, water supplies, hydropower, recreational opportunities, 
and water quality control in the Delta (Water Forum 2005).  Reclamation also manages flows to 
protect fish and wildlife downstream of Nimbus Dam.  The American River Operations Work Group 
(AROG) meets once or twice a month to focus on real‐time flow and water temperature management 
on the lower American River and provides operational recommendations to Reclamation (Water 
Forum 2005).   

In the 1980s, the lower American River was designated as a “Recreational River” under both the 
California Wild and Scenic Rivers Act and the National Wild and Scenic Rivers Act.  This designation 
provides additional protection to the scenic, wildlife, historic, cultural, and recreational value of the 
river (Water Forum 2005).   

In 1994, the Water Forum was formed of a diverse group of business and agricultural leaders, 
citizen groups, environmental groups, water managers, and local governments in Sacramento 
County.  Its purpose is to guide development of a regional solution in order to provide a reliable and 
safe water supply and to preserve the fishery, wildlife, recreational, and aesthetic values of the 
lower American River.  A Memorandum of Understanding for the Water Forum Agreement that was 
signed in 2000 allows the region to meet its needs in a balanced way through year 2030 (Water 
Forum 2000).  

In 2002, the Lower American River River Corridor Management Plan (RCMP) was developed by the 
Lower American River Task Force, with support from Sacramento Area Flood Control Agency 
(SAFCA), the Water Forum, and Sacramento County (Water Forum 2005).  The RCMP sets goals, 
objectives, and actions for four distinct elements:  fisheries and in‐stream habitat management, 
vegetation and wildlife management, flood management, and recreation management.  The Fisheries 
and Instream Habitat (FISH) Workgroup of the Lower American River Task Force developed a FISH 
Plan that works as a single blueprint to identify and prioritize opportunities to improve the fish and 
aquatic habitats in the lower American River; this plan serves as the habitat management element of 
the RCMP (Water Forum 2005).  The goals of the FISH Plan is to increase and maintain viable 
populations of naturally spawning fall‐run Chinook salmon, steelhead, and splittail; restore and 
maintain an appropriate distribution and abundance of other native species; and sustain American 
shad and striped bass fisheries consistent with restoring native species. 

The three key areas in managing the river to protect fall‐run Chinook and steelhead involve 
improving water temperatures and flow; restoring, maintaining, and improving fish habitat; and 
reducing the impact of water supply diversions (Water Forum 2005).  Recent improvements related 
to the FISH Plan include improving and updating the flow management standards, minimizing flow 
fluctuations, constructing and operating a temperature control device on Folsom Dam to improve 
cool water pool management, implementing the Discovery Park floodplain habitat enhancement 
project, reducing surface water diversions, removing non‐native invasive plants, and increasing 
riparian habitat (Water Forum 2005).   
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Reclamation, through CVPIA projects, has placed approximately 6,000 tons of gravel in the three 
sites on the lower American River to improve spawning habitat (Reclamation and USFWS 2009).  In 
addition, several AFRP projects totaling $501,000 have been completed including an instream flow 
study and a temperature reduction modeling project.  

Construction of Folsom and Nimbus Dams completely blocked access to spawning habitat for both 
spring‐run Chinook and steelhead in the American River.  While no suitable habitat exists in the 
lower American River for spring‐run, a small population of steelhead remains.  Water temperatures 
in summer and fall, flow fluctuations, and limited spawning habitat limit the potential recovery for 
steelhead in the American River basin. 
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Appendix F 
Scoring Habitat Expansion Actions  

Using the HEA Criteria 

The Habitat Expansion Agreement (HEA) contains several criteria for 
identifying, evaluating, recommending, and approving habitat expansion actions.  
The Steering Committee developed working definitions for the various HEA 
criteria to facilitate their utilization in selecting actions to be included in the 
Habitat Expansion Plan (HEP).The Steering Committee also developed a detailed 
approach for applying the HEA criteria by scoring potential habitat expansion 
actions based on the working definitions.  The various lists of potential habitat 
expansion actions (found in Appendix B of the Final HEP) were developed based 
on scores assigned to the actions.  Actions with higher scores met the most HEA 
criteria and were moved forward; actions with lower scores were not considered 
further.  This approach culminated in the recommended actions presented in the 
Draft HEP and the Final HEP (see Chapter 2 in the Final HEP for more 
information about developing potential habitat expansion actions). 

This appendix (1) identifies the HEA criteria working definitions used by the 
Steering Committee to consider potential habitat expansion actions (Sections F.1 
and F.2); (2) describes the scoring procedure and rationale (Section F.3); and 
(3) provides the scoring results for the Lower Yuba River Actions and the Upper 
Yuba River Actions (Section F.4, Table F-1).   

F.1 HEA Criteria Working Definitions 

The HEA contains several criteria for identifying, evaluating, recommending, 
and approving habitat expansion actions, including: 

 HEA Evaluation Criteria (Section 4.1.1 of the HEA), 

 HEA Selection Criteria (Section 4.1.2 of the HEA), and  

 NMFS Approval Criteria (Section 4.2.3 of the HEA). 

During preparation of the Draft HEP, the Steering Committee developed working 
definitions for the various HEA criteria (Appendix C1 of the Draft HEP) to 
facilitate utilization of these criteria for selecting actions to be included in the 
HEP.  Criteria definitions draw on the concepts captured in the HEA, current 
scientific literature, recovery plans, and other sources.  The Steering Committee 
requested feedback on the working definitions from NMFS, the HEA signatories, 
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and other stakeholders to further develop these definitions in order to consistently 
apply the criteria when identifying, evaluating, and recommending habitat 
expansion actions.  Based on comments received during preparation of the Draft 
HEP, the Steering Committee revised the working definitions and presented them 
to the HEA signatories and other interested stakeholders at an August 12, 2009 
informational meeting.   

The Working Definitions of Evaluation, Selection, and Approval Criteria are 
available on the HEA website and are presented below.  As noted above, the 
same working definitions were used to evaluate habitat expansion actions during 
preparation of the Final HEP. 

F.2 Working Definitions 

This section provides working definitions of the evaluation, selection, and 
approval criteria found in the HEA.  These definitions were developed by the 
Steering Committee to aid in the process of selecting actions for inclusion in the 
HEP.  The working definitions are meant to complement the HEA definitions and 
assist in their communication; they are not meant to replace the definitions 
presented in the HEA.  

F.2.1 HEA Evaluation Criteria  

This section presents working definitions for the 17 Evaluation Criteria (items a–
q contained in Section 4.1.1 of the HEA and in italicized font below).  These 
definitions form the basis for the Steering Committee’s application of the 
Evaluation Criteria to the list of potential actions.  Section 4.1.1 states:  “The 
Licensees shall use the following non-exclusive and non-prioritized Evaluation 
Criteria to screen potential habitat expansion action(s) and develop a preliminary 
list of viable actions.” 

(a) favorable feasibility (technically feasible; supported by accepted science; 
low potential for disease and other risks; proven actions are favored over 
experimental actions); 

Actions/projects should have a high likelihood of success.  The type of action 
should be technically feasible, with a proven track record of results in similar 
settings.  There should be a high degree of scientific support both in terms of the 
feasibility of the action and its potential contribution to the Habitat Expansion 
Threshold (HET). 

(b) adequate scale of expansion of spawning, rearing and adult holding habitat 
(one or more larger contiguous gains is favored over numerous smaller 
gains; increased habitat is favored over enhanced habitat); 

The HEP should focus sufficient effort to make measurable and meaningful 
improvement in habitat for spring-run Chinook salmon.  This requires that 
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projects be designed to solve problems limiting existing habitat potential.  
Several small, independent projects may not actually solve current problems and 
hence would provide less benefit than a larger, potentially integrated project that 
focuses on critical limiting factors.  Similarly, the greatest potential for the HEP 
to make meaningful change may involve focusing projects on a limited number 
of watersheds (sub-basins of the Sacramento River Basin) rather than spreading 
projects out across many watersheds.   

(c) favorable sustainability of action; 

The intent of the HEA is to create “permanent” solutions to problems, or at least 
to provide benefits through the term of a typical Federal Energy Regulatory 
Commission license (i.e., up to 50 years).  Where possible, projects should 
address the root cause of current habitat constraints rather than dealing with their 
symptoms or surface expression, and should consider the potential effects of 
climate change.  Once implemented, projects ideally would be self-sustaining 
(i.e., requiring a minimum amount of maintenance over the long term).  In 
conjunction with Evaluation Criterion (e), projects providing volitional access for 
fish to currently unoccupied habitat would likely be considered more sustainable 
than passage projects requiring high levels of human intervention. 

(d) favorable cost-effectiveness and economic feasibility (including 
consideration of costs necessary to operate and maintain the expansion); 

Project funding under the HEA will include capital cost, operations and 
maintenance (O&M), and project administration.  Projects that show efficient use 
of funds for these cost elements will be favored.  One measure of cost 
effectiveness is the estimated net increase in the population of spawning fish (i.e., 
the contribution toward the HET) versus the total cost of the action.  Projects that 
include cost sharing, labor sharing, or other measures that allow the HEP to 
leverage funds, while making meaningful change, would also be favored. 

(e) minimal human intervention needed to achieve access to expanded spawning, 
rearing and adult holding habitat (volitional access is favored over that 
which requires a high degree of human intervention); 

Projects that provide access into habitat currently blocked to anadromous passage 
will be evaluated relative to the amount of human intervention (e.g., annual 
maintenance) required.  For example, a project that removes a barrier to allow 
free access (requiring no further maintenance) would be favored over a trap-and-
transport project that requires annual collection and transport of fish. 

(f) favorable spatial separation from other populations or runs to maintain 
genetic diversity by minimizing interbreeding; 

A priority within the HEA is the segregation of habitat for spring-run and fall-run 
Chinook salmon (see Section 4.2.3[d]).  In the Central Valley, introgression of 
fall- and spring-run Chinook salmon has been identified as a potential factor 
limiting spring-run Chinook.  In many cases, this is due to the spawning of 
hatchery-produced fall-run Chinook in areas where spawning of spring-run 
Chinook occurs.  To address this problem, projects that encourage the separation 
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of fall- and spring-run Chinook will be considered favorable under this criterion.  
Separation may be achieved either through physical barriers or through the 
development of habitat conditions that favor spring-run fish over fall-run fish.  
For example, projects that expand or enhance habitat for spawning in upper 
portions of a watershed favored by spring-run Chinook would be more desirable 
than projects enhancing spawning conditions in lower reaches favored by fall-run 
Chinook.  Seasonal flow releases can be used to enhance passage and spawning 
of spring-run Chinook salmon. 

(g) favorable spatial separation from other spawning streams to minimize 
population impacts of a stream-specific adverse event (geographic 
distribution is favored over centralization); 

A priority within the HEA is the development of a new, geographically separate, 
self-sustaining population of spring-run Chinook (see Section 4.2.3[c]).  NMFS 
has identified presently viable spring-run Chinook populations in Mill, Deer, and 
Butte Creeks—a part of the Northern Sierra Nevada diversity group delineated 
by the Central Valley Technical Recovery Team (Lindley et al. 2007).  NMFS 
recovery efforts call for development of additional viable spring-run populations.  
In conjunction with Evaluation Criterion (b), a number of projects might need to 
be concentrated in a single watershed to result in sufficient environmental change 
to support an additional population. 

(h) acceptable length of time to implement (earlier gains are favored over later 
gains); 

Sacramento River spring-run Chinook salmon are in need of immediate 
assistance to support their recovery.  Thus, factors important to the success of a 
project include not only the length of time to implement the project but also the 
length of time to realize benefits.  Thus, “shovel-ready” projects (i.e., those 
projects for which implementation can begin within approximately 5 years) will 
be favored.  “Implementation” means initiation of construction after approval of 
the Final HEP. 

The more favorable projects will be those that need minimal additional public 
process, particularly related to permitting, zoning, or land use issues.  In addition, 
projects that benefit spring-run Chinook within a relatively short period of time 
(e.g., approximately 10 years or less) will be favored.  The environmental and 
biological benefits of many habitat restoration actions occur only after extended 
periods.  For example, sufficient recovery of riparian forests to address 
temperature, water quality, and channel needs may require timeframes from 
decades to centuries to realize.  While such projects will not be excluded from 
consideration, projects that can be implemented sooner and realize benefits 
within a relatively short period will be preferred. 

(i) favorable local/political support; 

To provide benefits in the desirable time frame (Evaluation Criterion [h]) and to 
make best use of available funds (Evaluation Criterion [d]), it is important that 
HEP projects have public support.  Primary stakeholders include affected land 
owners, management agencies, Resource Conservation Districts (RCDs), and 
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watershed conservancies.  As a project moves through the environmental 
permitting/design process, crucial support from the stakeholders will be sought.  
An extended public review process is outside the purview of the HEA.  Proposed 
projects should be vetted with watershed councils; RCDs; and other local, state, 
and federal agencies.  To the maximum extent possible, permitting concerns, land 
ownership, and required access should be identified in the evaluation of potential 
actions.   

(j) consistency with NMFS Viable Salmonid Population guidance, ESA recovery 
goals and recovery plan (as available), and expected contribution to species 
recovery (higher consistency and greater contributions are favored); 

The NMFS Viable Salmonid Population (VSP) concept provides direction for 
characterization of salmonid populations listed under the Endangered Species 
Act (ESA) (McElhany et al. 2000).  The VSP concept underlies most NMFS 
ESA recovery planning.  Elements of VSP thinking are woven throughout the 
HEA (e.g., Evaluation Criteria [f] and [g]).  VSP is also incorporated as part of 
the HEA conceptual framework.  However, VSP does not provide specific 
criteria for recovery; these are left to recovery planners (e.g., Lindley et al. 2004).  
Based on VSP and its application to salmon recovery, projects should contribute 
to the following:  (1) abundance, through contribution to the HET; 
(2) productivity, by increasing the quality of existing and new habitat for spring-
run Chinook; (3) biological diversity, by enhancing the breadth of habitat and by 
discouraging interbreeding of fall- and spring-run Chinook (Evaluation 
Criterion [f]); and (4) spatial diversity, by promoting development of an 
additional viable spring-run Chinook population(s) in the Sacramento River 
Basin (Evaluation Criterion [g]). 

(k) balance of benefits to Spring-Run and Steelhead (actions that provide a 
balance of benefits to both Spring-Run and Steelhead are favored over 
actions that primarily benefit one species; if multiple actions are undertaken, 
a combination of actions that provides a balance of benefits to both Spring-
run and Steelhead is favored); 

The HET provides a numeric habitat goal for spring-run Chinook salmon as the 
priority species of the HEA and states that “expansion of habitat for spring-run 
typically accommodates steelhead as well” (see Section 2.2).  Spring-run 
Chinook and steelhead populations often overlap and are found in similar 
habitats within the same watersheds.  Hence, expansion of habitat to meet the 
HET numeric threshold for spring-run Chinook should also benefit steelhead.  
While habitat requirements for spring-run Chinook and steelhead are similar, 
they are not identical.  For example, the two species are separated by adult return 
timing and juvenile and adult life history.  However, projects that meet the 
common habitat requirements of spring-run Chinook and steelhead and 
contribute to the restoration of both species will be favored.  

(l) consistency with other resource uses such as water supply, public safety, 
flood control, recreation, and power production; 

Projects should identify potential conflicts with other uses of the affected 
watershed and seek to avoid or minimize adverse impacts to other resource uses.  
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In conjunction with Evaluation Criterion (i), if a potential project is likely to 
impact other resource uses, there should be demonstrated support for the project 
from the affected stakeholders (e.g., written documentation of the 
landowner/water right holder’s agreement).  Those projects that are most 
consistent with other resource uses and/or have support from affected 
stakeholders will be favored. 

(m) favorable relative availability of appropriate stocks of Spring-Run and 
Steelhead for reintroduction; 

The purpose of the HEP is to provide habitat for spring-run Chinook salmon and 
steelhead, with the expectation that fish will expand into new or enhanced 
habitat.  This process of movement of individuals into expanded or enhanced 
habitat occurs when adult fish stray from their natal areas and spawn in non-natal 
habitat.  Colonization of habitat provided under the HEP will be enhanced in 
watersheds with some existing remnant populations.  Colonization of those 
watersheds with no spring-run Chinook and/or steelhead, or with no known 
historical occurrence of these species, would likely be slower without direct 
intervention (i.e., supplementation from nearby streams with naturally 
reproducing populations and/or hatcheries).  Consequently, projects on streams 
with remnant populations or with nearby naturally reproducing populations will 
be favored over those requiring hatchery supplementation.  

(n) low expectation for the action to be undertaken by the Licensees or others in 
the near future; 

Projects required as part of other regulatory or legal proceedings are not eligible, 
as described in Section 3.2 of the HEA.  If a project is not likely to be 
implemented by others within a reasonable period of time (e.g., approximately 
5 years), it may be considered.  Refer to discussion of Evaluation Criterion (h). 

(o) favorable potential to benefit other anadromous, catadromous, and resident 
fisheries affected by the Feather River Hydroelectric Projects; 

Enhancement and expansion of habitat favors a community of co-evolved fish, 
invertebrate, and plant species.  Projects that will provide identifiable benefits to 
other native fish species, including lamprey, sturgeon, resident trout, hardhead, 
Sacramento sucker, and pikeminnow, among others, will be favored.   

(p) low expectation for adverse impact on listed species and destruction or 
adverse modification of critical habitat under the ESA (actions with low or 
no impact are favored); and 

The HEA is intended to benefit listed spring-run Chinook salmon and steelhead.  
Projects should avoid or minimize adverse impacts to other ESA-listed fish, 
wildlife, amphibian, and plant species. 

(q) low potential for an adverse impact on historic or cultural resources. 

Projects should avoid or minimize adverse impacts to known historic and pre-
historic cultural resources.  
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F.2.2 HEA Selection Criteria  

This section presents working definitions for the four Selection Criteria (items a–
d contained in Section 4.1.2 of the HEA and in italicized font below).  These 
definitions form the basis for the Steering Committee’s application of the 
Selection Criteria to the list of Viable Actions.  Section 4.1.2 states “After 
developing a preliminary list of viable habitat expansion action(s) using the 
Evaluation Criteria set forth in Section 4.1.1 above, the Licensees shall use the 
following non-prioritized Selection Criteria to select recommended habitat 
expansion action(s) for implementation:”  

(a) contribution to achieving the Habitat Expansion Threshold; 

Section 2.2 of the HEA identifies the specific goal “to expand spawning, rearing 
and adult holding habitat sufficient to accommodate an estimated net increase of 
2,000 to 3,000 Spring-run for spawning (“Habitat Expansion Threshold”) in the 
Sacramento River Basin…”.  Projects may contribute to expanding one or more 
of these three functional types of habitat, with the final result being achievement 
of the HET. 

Projects are expected to increase the habitat potential for steelhead as well.  The 
contribution of projects to the HET will be defined by the estimated change in 
equilibrium abundance of spring-run Chinook in the Sacramento River Basin that 
results from expanding the quantity and quality of habitat available to spring-run 
Chinook and steelhead.  The expansion of habitat potential will be structured to 
support the development of an additional viable population of spring-run 
Chinook in the Sacramento River Basin, support the separation of fall and spring 
runs of Chinook salmon, and be consistent with the Evaluation Criteria in 
Section 4.1.1. 

(b) most cost-effective compared to other potential habitat expansion actions; 

For each Viable Action, a rough estimate of its cost and contribution to the HET 
will be determined.  Each Viable Action then will be ranked in terms of its cost 
effectiveness (i.e., the cost of the action versus its contribution to the HET).  
Refer to the discussion of favorable cost effectiveness in Evaluation Criterion (d). 

(c) feasibility (action[s] can reasonably be accomplished); and 

As stated in Evaluation Criterion (a), actions/projects must have a high likelihood 
of success (i.e., they must be highly feasible).  The term “feasibility” is being 
interpreted broadly to include the concepts described for four Evaluation Criteria: 
a) technical feasibility, d) economic feasibility, i) favorable political and local 
support, and (l) consistency with other resource uses. 

(d) timing (action[s] can be accomplished in a reasonable period of time). 

As noted in Evaluation Criterion (h), factors important to the success of a project 
include not only the length of time to implement the project but also the length of 
time to realize benefits.  Thus, the HEP will favor “shovel-ready” projects that 
can be implemented in a reasonable period of time (e.g., less than approximately 
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5 years).  The more favorable projects will be those that need minimal additional 
public process, particularly related to permitting, zoning, or land use issues.  In 
addition, projects that benefit spring-run Chinook within a relatively short period 
of time (e.g., approximately 10 years or less) will be favored.   

F.2.3 NMFS Approval Criteria  

This section presents working definitions for the six NMFS Approval Criteria 
(items a–f contained in Section 4.2.3 of the HEA).  These definitions were 
considered as part of the Steering Committee’s selection process.  Section 4.2.3 
states:  “In determining whether to approve the Final Habitat Expansion Plan, 
NMFS shall review information submitted by the Licensees, comments by other 
Parties and directly affected and responsive third parties, and any other relevant 
information, and consider the extent to which the habitat expansion action(s) 
recommended in the Plan meet the following Approval Criteria.” 

(a) estimated to meet the Habitat Expansion Threshold; 

As stated in Selection Criterion (a), the proposed projects must expand habitat to 
support 2,000 to 3,000 spring-run Chinook salmon.  It is assumed that the 
Steering Committee and NMFS will agree on a readily available quantification 
method to define the contribution of the proposed projects to the HET.  Refer to 
Selection Criterion (a) for further discussion on the HET. 

(b) assures necessary testing, operation, and maintenance; 

Each proposed project must include a funding mechanism for a period of time 
equivalent to the life of a typical FERC license (i.e., up to 50 years).  The HEP 
will describe any proposed O&M and other necessary actions, as well as the 
associated funding mechanism, for a period of 50 years.  PG&E and DWR will 
comply with the requirements of the HEA concerning reporting to the signatories 
(identified in Section 6.2 of the HEA). 

(c) supports establishing a geographically separate, self-sustaining population 
of Spring-Run; 

As discussed in Evaluation Criterion (g), the proposed projects should support 
development of a viable population of spring-run Chinook salmon within the 
Sacramento River Basin, in addition to those that already exist in Mill, Deer, and 
Butte Creeks.  The proposed actions need to provide habitat that is of sufficient 
quantity (e.g., watershed size of 500 km2 or greater as a guideline) and quality, 
and sufficiently separate to support a self-sustaining population of spring-run 
Chinook.     

(d) supports segregating Spring-Run habitat from Central Valley fall-run 
Chinook salmon; 

As discussed in Evaluation Criterion (f), the proposed projects should support 
segregation of spring-run and fall-run Chinook salmon populations.  Segregating 
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the two runs can involve creating a segregation barrier, increasing instream flow, 
or enhancing habitat for spring-run over fall-run Chinook. 

(e) meets the requirements for eligible habitat expansion action(s) pursuant to 
Section 3 of this Agreement; and 

As indicated in Section 3 of the HEA:  (1) a variety of action types can fulfill the 
HEA (e.g., dam removal, dam re-operation, creation or enhancement of fishways, 
and water temperature/flow improvement); (2) the proposed actions must ensure 
future O&M and include functional start-up testing as needed; and (3) actions 
identified in other venues are eligible for consideration provided that what is 
implemented under the HEA results in an expansion of habitat over any existing 
requirements and commitments.  As stated in Evaluation Criterion (n), projects 
required as part of other proceedings or with a high likelihood of being 
implemented within approximately 5 years will not be favored and may be 
considered ineligible.     

(f) expected to be implemented within a reasonable period of time. 

Refer to discussion of Evaluation Criterion (h). 

F.3 Scoring 

The Steering Committee prepared a detailed approach for applying the HEA 
criteria to potential habitat expansion actions.  The Evaluation Criteria were 
applied to the List of Potential Actions to develop a Ranked Preliminary List of 
Viable Actions; the Selection Criteria were then applied to the Ranked 
Preliminary List of Viable Actions to develop a Ranked List of Viable Actions.  
Based on how they rated against the overall HEA criteria, actions were selected 
from the Ranked List of Viable Actions to become recommended actions.   

The following sections describe the approach that was followed to apply the 
HEA criteria and develop the various lists of actions, culminating in development 
of the recommended actions.  See Chapter 2 in the Final HEP for additional 
detail on developing habitat expansion actions. 

F.3.1 Applying Evaluation Criteria 
Section 4.1.1 of the HEA identifies that “the Licensees shall use the…non-
exclusive and non-prioritized Evaluation Criteria to screen potential habitat 
expansion action(s) and develop a preliminary list of viable actions.”  Evaluation 
Criteria scores were applied to the actions in the Short List of Potential Actions 
to develop a Ranked Preliminary List of Viable Actions (Appendix B4 of the 
Final HEP).  The scoring rationale is described below. 

A scale of 1 to 5 was used to score how each action met each of the 17 HEA 
Evaluation Criteria.  No zero values were used in the scoring process.  If an 
action fully met a criterion, it was given a score of 5.  If an action failed to meet a 
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criterion, it was given a score of 1.  The intermediate degree to which actions did 
or did not meet a criterion determined a score of 2, 3, or 4.  

(a) Feasibility – The primary components of this criterion were technical 
feasibility, support by accepted science, and proven methodology (i.e., not 
experimental).  If an action met the three primary components of criterion 
(a), it was given a score of 5; if one or two of the components were not met, 
the action scored a 3; if none of the three components was met, the action 
scored a 1.   

(b) Scale – The primary components of this criterion are the estimated 
contribution to the HET, representing amount of habitat gain; benefits 
provided to the three habitat types identified in the goal of the HEA (i.e., 
spawning, rearing, and adult holding habitat); and the type of habitat 
expansion (i.e., increase in habitat versus enhancement of existing habitat).  
Actions resulting in a large gain of potential spawners, an increase in habitat, 
and benefits to all three habitat types received a score of 5; actions resulting 
in a moderate gain of potential spawners and addressing at least one habitat 
type either through increased or enhanced habitat received a score of 3; 
actions with a low gain of potential spawners and poor habitat quality 
received a score of 1.   

(c) Sustainability – The lifespan and the degree to which an action was self-
sustaining (i.e., requiring a minimum amount of maintenance) are the 
primary components of this criterion.  Actions that provided a solution with a 
long lifespan and minimal maintenance throughout the lifespan of the action 
received a score of 5; actions that provided limited-term solutions, required 
annual maintenance, and/or relied on long-term agreements received a score 
of 3; actions with a short lifespan and requiring a high degree of maintenance 
received a score of 1.   

(d) Cost Effectiveness – The estimated net increase in the population related to 
the total cost of the action and annual operations and maintenance (O&M) 
costs are the primary components of this criterion.  Actions estimated to have 
low capital and O&M costs along with an estimated moderate to high 
contribution to the HET received a score of 5; actions with moderate capital 
and/or O&M costs and with a low to moderate contribution to the HET 
received a score of 3; actions with high capital and high O&M costs that 
outweigh the potential contribution to the HET received a score of 1.  

(e) Minimal Human Intervention – Actions were scored based on the level of 
human intervention required for habitat expansion during the lifespan of the 
action.  Self-sustaining actions that required no maintenance received a score 
of 5; actions that required minimal to moderate annual O&M and no 
handling of fish received a score of 3; actions that required intensive 
handling of fish along with high O&M received a score of 1.   

(f) Separation (Genetic) – The actions were scored based on the degree to which 
they would provide for the spatial segregation of fall-run and spring-run 
Chinook salmon.  Actions that would provide spatial separation between fall-
run and spring-run Chinook salmon either by volitional passage into the 
upper watershed or by a physical barrier received a score of 5; actions that 
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would promote spatial separation by addressing spring-run Chinook salmon 
life history strategies (e.g., springtime flows) received a score of 3; actions 
that would not provide or promote spatial separation received a score of 1. 

(g) Separation (Catastrophe) – The actions were scored based on the degree to 
which they would provide for protection against catastrophic events (e.g., 
volcanic eruption or wildfire) potentially impacting existing independent, 
self-sustaining spring-run Chinook salmon populations in Mill, Deer, and 
Butte Creeks.  If an action is within a watershed that is outside the predicted 
range of large-scale catastrophic events (e.g., eruption of Mt. Lassen or Mt. 
Shasta), it received a score of 5; if an action is within a watershed that is in 
the range of a smaller-scale catastrophic event (e.g., wildfire) it received a 
score of 3; if an action is within a watershed supporting an independent, self-
sustaining population (i.e., Mill, Deer, or Butte Creek) it received a score 
of 1.  

(h) Time to Implement – If the action could begin implementation (i.e., receive 
permits and break ground) within approximately 5 years, it received a score 
of 5; if the action could begin implementation within approximately 5 to 
10 years, it received a score of 3; if an action would likely take more than 
10 years to begin implementation, it received a score of 1. 

(i) Local/Political Support – If support for an action was anticipated from all 
HEA signatories and local stakeholders, it received a score of 5; if the action 
had some support but also some known opposition from either HEA 
signatories or local stakeholders, it received a score of 3; if an action had 
substantial opposition and little or no support from HEA signatories or local 
stakeholders, it received a score of 1. 

(j) VSP/ESA Consistency – The actions were scored based on the degree to 
which they were consistent with the VSP concept.  Because there are four 
components to the VSP concept (i.e., abundance, productivity, biological 
diversity, and spatial structure), actions anticipated to contribute to all four 
components were given a score of 5, contribution to three components was 
given a score of 4, contribution to two components was given a score of 3, 
and contribution to one component was given a score of 2.  If an action was 
not anticipated to contribute to any of the VSP components, it was given a 
score of 1. 

(k) Balance of Benefits – If an action was anticipated to result in equal benefits 
to both spring-run Chinook salmon and steelhead, it received a score of 5; 
actions with moderately more benefits to spring-run Chinook salmon than 
steelhead received a score of 3; actions specifically targeting spring-run 
Chinook salmon and providing no benefit to steelhead received a score of 1.   

(l) Resource Consistency –There are five primary components to this criterion:  
water supply, public safety, flood control, recreation, and power production.  
Actions that would not negatively affect any of these components received a 
score of 5.  For each component the action could adversely affect, the score 
was reduced by 1. 

(m) Available Stocks – If an action would occur in a watershed with an 
independent, self-sustaining population, it received a score of 5; actions in 
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watersheds with extant, remnant populations received a score of 4; actions in 
watersheds where a population could be re-established via straying from a 
nearby watershed received a score of 3; actions in watersheds where a 
population could be re-established via straying from more distant streams, 
increasing time to realize benefits, received a score of 2; actions in 
watersheds where the population would need to be re-established by inter-
basin transfer of fish received a score of 1. 

(n) Actions Taken by Others – Actions that were not likely to be taken by others 
within the foreseeable future (i.e., approximately 5 years) received a score of 
5; actions with potential to be taken by others within the foreseeable future 
received a score of 3; actions likely to be taken by others within the 
foreseeable future received a score of 1.  Actions taken by others could 
include actions taken by the Licensees in other forums outside of the HEA. 

(o) Benefit to Other Feather River Species – Actions that would provide 
identifiable benefits to the entire community of fishes native to the Feather 
River received a score of 5; actions that would provide benefits to some of 
the native fishes received a score of 3; those that would provide benefits to 
only spring-run Chinook salmon and steelhead received a score of 1. 

(p) Adverse Effects (Listed Species) – If an action was not expected to adversely 
affect listed species or their critical habitat, it received a score of 5.  If an 
action could result in minimal impacts that could be mitigated, it received a 
score of 3.  If an action could cause impacts that could not be mitigated, it 
received a score of 1. 

(q) Adverse Effects (Cultural) – If an action was not expected to adversely affect 
historic or cultural resources, it received a score of 5.  If an action could 
result in minimal impacts that could be mitigated, it received a score of 3.  If 
an action could cause impacts that could not be mitigated, it received a score 
of 1. 

Scoring the Short List of Potential Actions by the Evaluation Criteria resulted in 
the Ranked Preliminary List of Viable Actions found in Appendix B4 of the 
Final HEP. 

F.3.2 Applying Selection Criteria 

Section 4.1.2 of the HEA explains that “[a]fter developing a preliminary list of 
viable habitat expansion action(s) using the Evaluation Criteria set forth in 
Section 4.1.1…, the Licensees shall use the…non-prioritized Selection Criteria to 
select recommended habitat expansion action(s) for implementation.”  After the 
Evaluation Criteria were applied, the Ranked Preliminary List of Viable Actions 
was reevaluated.  Some actions were removed because the actions were 
(1) already completed; (2) addressed in other actions on the list; (3) not viable; or 
(4) not eligible under Section 3.2 of the HEA.  Selection Criteria scores were 
applied to the remaining actions, resulting in the Ranked List of Viable Actions 
(Appendix B5 of the Final HEP).  The scoring rationale is described below.  
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Consistent with the methodology used for the Evaluation Criteria, a scale of 1 to 
5 was used to score how well each action met each of the Selection Criteria.  No 
zero values were used in the scoring process.   

(a) Contribution to the HET – The procedure described in Chapter 3 of the Final 
HEP was used to estimate how many additional fish the area of the watershed 
might support for each action or group of actions.  Because a number of 
assumptions were made to arrive at the estimates, the contribution to the 
HET for a particular action or group of actions was assigned a score of 1, 3, 
or 5 based on the estimate.  A score of 1 was used for those actions that 
would not meet the HET, a score of 3 was used for those actions that would 
meet the HET, and a score of 5 was used for those actions that would exceed 
the HET.  Scores were assigned to all of the actions or groups of actions on 
the Ranked Preliminary List of Viable Actions. 

(b) Cost effectiveness compared to other actions on the Ranked Preliminary List 
of Viable Actions – The actions were assessed based on a relationship 
between cost and contribution to the HET, consistent with the working 
definitions of the HEA criteria (Section G.2).  Cost effectiveness was 
assigned a score of 1, 3, or 5 based on how cost effective the action or group 
of actions was compared to the others on the Ranked Preliminary List of 
Viable Actions.  The total estimated cost of each action or group of actions 
was divided by the estimated contribution to the HET in order to calculate an 
estimated cost-per-fish.  The estimated cost-per-fish for each action or group 
of actions was then divided by the highest cost-per-fish action.  This 
approach enabled a comparison of the cost effectiveness of the actions on the 
Ranked Preliminary List of Viable Actions.  Scores were assigned to the 
actions based on resulting values.  A score of 1 was assigned to the actions 
that fell in the highest 10% (most expensive per fish) of all the actions, a 
score of 3 was assigned to the actions that fell in the middle of the range, and 
a score of 5 was assigned to the actions that fell in the lowest 10% (least 
expensive per fish).   

(c) Feasibility – Feasibility was based on four of the Evaluation Criteria:  
(a) feasibility; (d) cost-effectiveness; (i) local/political support; and 
(l) resource consistency.  The scores of these four Evaluation Criteria were 
combined to develop a single feasibility score for each action or group of 
actions.  Specifically, an average of the four Evaluation Criteria scores was 
used to determine the feasibility score for the actions. 

(d) Timing – The Evaluation Criterion (h) time to implement, score was used to 
score the timing for the Selection Criteria as well.   

The scores resulting from application of the four Selection Criteria were added to 
yield a total score.  The next step was to combine the scores from the Selection 
Criteria with the scores from the Evaluation Criteria in order to identify which 
actions best met these two elements of the HEA.  This was achieved by 
weighting the Evaluation Criteria.  The Evaluation Criteria weighting was 
determined by dividing the “Total Score” for each action or group of actions 
from the Ranked Preliminary List of Viable Actions by the highest total score.  
Scores from the Selection Criteria were then multiplied by these weights, thereby 
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utilizing the Evaluation Criteria scores while not diminishing the importance of 
the Selection Criteria.  The resultant scores were normalized.  

The results of scoring the Ranked List of Viable Actions by the Selection Criteria 
are found in Appendix B5 of the Final HEP. 

F.4 Scoring the Upper Yuba River and Lower Yuba 
River Actions 

Following release of the Draft HEP, NMFS submitted a completed HEA 
questionnaire for the Upper Yuba River.  NMFS requested that the Licensees re-
evaluate the Upper Yuba River Actions in the Final HEP (see Chapter 2 in the 
Final HEP).  In addition, the Licensees modified the components recommended 
in the Lower Yuba River Actions (see Chapters 2 and 4 in the Final HEP).  
Consequently, both actions required re-evaluation and re-scoring for the Final 
HEP.  The Steering Committee used the same working definitions and scoring 
process developed for the Draft HEP to re-evaluate the Lower Yuba River 
Actions and the Upper Yuba River Actions in the Final HEP.   

Table F-1 presents the scores for the Upper and Lower Yuba River Actions that 
were developed for the Final HEP.  For comparative purposes, scores for the 
Upper Yuba River Actions that were included in the Draft HEP and those that 
were provided by NMFS in their comment letter on the Draft HEP also are 
included in Table F-1.  
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Table F-1.  Scoring of the Upper and Lower Yuba River Habitat Expansion Actions 

Upper Yuba River Actionsa 

 

Lower Yuba River Actionsb 

Criterion 

Draft 
HEP 
Score 

NMFS 
Score 

Final 
HEP 
Score Rationale 

Final 
HEP 
Score Rationale 

Evaluation Criteria  

(a) Feasibility 2 5 2 Each of the three components of this criterion 
(technical feasibility, support by accepted science, 
and proven methodology) would be only partially 
met by these actions.  Multiple issues limit feasibility 
(e.g., uncontrolled flows on the North Yuba River 
would complicate juvenile collection, and there are 
accessibility issues for potential juvenile collection 
sites).  Full-blown trap-and-transport operations have 
had limited application and success in situations 
similar to this one.  Given these issues, a score of 2 is 
warranted. 

 5 These actions meet all three components of the 
criterion:  technical feasibility, support by 
accepted science, and proven methodology.  
Fulfilling all three components of this criterion 
results in a score of 5. 

(b) Scale 4 5 5 These actions would meet/exceed the HET (thus 
resulting in a large gain of potential spawners), 
expand spawning habitat in the upper North Yuba 
River, and benefit all three habitat types; thus, it 
fulfills all three components of this criterion.  Also, 
given the length of available stream and the size of 
the project compared to other actions assessed, it 
warrants a score of 5. 

 4 These actions would meet the HET, thus 
resulting in a large gain of potential spawners; 
expand spawning habitat in the Lower Yuba 
River at Sinoro Bar and Narrows Gateway; and 
benefit spawning and holding habitat types.  
Providing a large gain in potential spawners and 
fulfilling two components of this criterion results 
in a score of 4. 

(c) Sustainability 2 4 3 These actions have a moderate to long lifespan, but 
substantial operations and maintenance (O&M) 
(annual trap-and-transport operations) would be 
required to sustain it.  Given this balance, a mid-
range score of 3 is reasonable. 

 4 The sustainability of these actions is projected to 
be high over the approximately 50-year term 
(Pasternack pers. comm.).  However, the likely 
need for periodic maintenance of the spawning 
beds and potential O&M activities for the 
segregation weir lowers the score to 4. 
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Upper Yuba River Actionsa 

 

Lower Yuba River Actionsb 

Criterion 

Draft 
HEP 
Score 

NMFS 
Score 

Final 
HEP 
Score Rationale 

Final 
HEP 
Score Rationale 

(d) Cost Effectiveness 1 4 1 If considered simply to fulfill the HEA, these actions 
would involve the transport of only enough fish to 
satisfy the HET.  The capital cost of constructing the 
facilities to collect and transport fish is estimated to 
be $80 million.  Annual operation and maintenance 
costs would also have to be provided for an 
approximately 50-year period.  Thus, a trap-and-
transport action to support 2,000−3,000 spring-run 
Chinook salmon would be expensive and warrants a 
score of 1. 

 4 These actions would meet the HET (habitat for 
2,000−3,000 spring-run Chinook salmon), while 
combined capital and O&M costs would be 
$23.4 million.  Thus, a score of 4 is warranted. 

(e) Minimal Human 
Intervention 

1 1 1 Trap-and-transport operations require intensive 
handling of both upstream migrating adults and 
downstream migrating smolts.  Of all of the types of 
habitat expansion actions available, trap and 
transport requires the greatest amount of human 
intervention warranting a score of 1. 

 3 Once implemented, these actions would support 
the natural behavior of spring-run and steelhead.  
Intervention (installation of a segregation weir) 
would be required only in the event that 
inadequate segregation between spring-run and 
fall-run Chinook salmon occurs.  A mid-range 
score of 3 is appropriate. 

(f) Favorable Spatial 
Separation (Run 
Timing) 

5 5 5 By transporting adult spring-run Chinook salmon to 
the North Yuba River above New Bullards Bar 
Reservoir and leaving fall-run fish to spawn in the 
Lower Yuba River, clear separation between the runs 
would be achieved, resulting in a score of 5.   

 3 Separation between spring-run and fall-run 
Chinook salmon using the segregation weir 
would receive a 5 (physical barrier provided).  
However, without implementation of the optional 
segregation weir, the remaining actions would 
receive a score of 3 (promote separation by 
providing expanded habitat favored by spring-
run Chinook salmon).   

(g) Favorable Spatial 
Separation 
(Catastrophe) 

5 5 5 The North Yuba River is beyond the predicted range 
of catastrophic events; thus, these actions receive a 
score of 5. 

 5 The Lower Yuba River is beyond the predicted 
range of catastrophic events; thus, these actions 
receive a score of 5. 
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Upper Yuba River Actionsa 

 

Lower Yuba River Actionsb 

Criterion 

Draft 
HEP 
Score 

NMFS 
Score 

Final 
HEP 
Score Rationale 

Final 
HEP 
Score Rationale 

(h) Time to Implement 2 3 2 These actions are likely to take 10 years or more to 
reach the implementation stage for the following 
reasons:  (1) they are in the very informative stages 
of development; (2) multiple parties need to come 
together and agree upon actions and responsibilities; 
and (3) many technical issues need to be resolved.  A 
similarly scaled project in the Battle Creek watershed 
has taken well over 10 years to reach 
implementation.  An estimated 10-year timeframe for 
implementation of these actions yields a score of 2. 

 5 Implementation of these actions could likely 
begin within approximately 5 years, warranting a 
score of 5. 

(i) Local and Political 
Support 

3 4 3 Initial meetings of the Yuba River Multi-Party 
Forum (now the Yuba Salmon Forum) to discuss 
these and related actions in the Upper Yuba River 
watershed indicate a mixture of support and 
opposition among the watershed stakeholders for this 
type of project, thus warranting a mid-range score of 
3.  The Steering Committee met with Yuba County 
Water Agency (YCWA) on August 17, 2010, to 
explore possible partnering opportunities related to 
the Upper Yuba River Actions.  None have been 
identified. 

 3 These actions are widely supported for their 
expansion/enhancement benefits for anadromous 
salmonids in the Lower Yuba River.  In the event 
that these actions are approved for 
implementation under the HEA, they would be 
well supported.  Lack of concensus among all the 
signatories to the HEA, however, warranted a 
lower, mid-range score of 3. 
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Upper Yuba River Actionsa 

 

Lower Yuba River Actionsb 

Criterion 

Draft 
HEP 
Score 

NMFS 
Score 

Final 
HEP 
Score Rationale 

Final 
HEP 
Score Rationale 

(j) VSP/ESA 
Consistency 

4 5 4 Overall, these actions support the four viable 
salmonid populations (VSP) components 
(abundance, productivity, biological diversity, and 
spatial structure); however, there are likely issues 
with productivity.  While trying to provide for a 
“wild” population, some negative impacts would be 
associated with the inefficiencies and stress 
associated with trap-and-transport operations.  These 
impacts would limit productivity, warranting a score 
of 4. 

 5 Given the expansion of habitat and the option of 
installing a segregation weir to facilitate 
segregation between fall-run and spring-run 
Chinook salmon, these actions would contribute 
to all four VSP components (abundance, 
productivity, biological diversity, and spatial 
structure) and thus warrant a score of 5.  

(k) Balance of Benefits 5 5 5 If trap-and-transport actions were implemented for 
spring-run Chinook salmon, operations could 
ultimately include steelhead.  Thus, there is potential 
for balanced benefits for both species, warranting a 
score of 5. 

 4 The benefits of these actions would largely be to 
spring-run Chinook salmon, with ancillary 
benefits to steelhead.  Benefits to steelhead could 
be significant, but they are likely to be less than 
for spring-run Chinook salmon, thus warranting a 
score of 4. 

(l) Resource 
Consistency 

3 4 4 Of the five components of this criterion, only 
recreation holds the potential of being adversely 
affected, warranting a score of 4.  Angling could be 
restricted in the North Yuba River to protect 
introduced salmon, and boating could be obstructed 
by the juvenile collection facilities. 

 4 Of the five components of this criterion, only 
recreation has the potential to be adversely 
affected, warranting a score of 4.  Angling 
opportunities could be reduced if additional 
regulations were enacted to protect areas 
rehabilitated under the HEP, and boating could 
be seasonally obstructed if a weir was installed. 

(m) Available Stocks 4 4 3 Spring-run Chinook salmon stocks available for 
reintroduction would likely be coming from the 
Feather River Hatchery or the Lower Yuba River, 
which appears to be predominated by hatchery 
strays.  In either scenario, the dependency on 
hatchery fish warrants a score of 3. 

 3 Recent data indicate that spring-run Chinook 
salmon returns in the Lower Yuba River are 
dominated by straying fish from the Feather 
River Hatchery, warranting a score of 3. 
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Upper Yuba River Actionsa 

 

Lower Yuba River Actionsb 

Criterion 

Draft 
HEP 
Score 

NMFS 
Score 

Final 
HEP 
Score Rationale 

Final 
HEP 
Score Rationale 

(n) Actions Taken by 
Others 

4 5 5 Despite these and other related actions being 
addressed as part of the Yuba Salmon Forum, it is 
highly unlikely that other parties would undertake 
these actions in the near term (i.e., within 
approximately 5 years).  Thus, a score of 5 is 
reasonable. 

 4 Efforts are ongoing by the South Yuba River 
Citizens League to develop potential off-channel 
rearing habitat in the Lower Yuba River.  The 
score for this criterion therefore should drop to 4, 
because some recommended actions for off-
channel rearing habitat may be partially included 
in other efforts.   

(o) Benefit to Other 
Feather River 
Species 

1 1 1 Benefits to Feather River fish species other than 
spring-run Chinook salmon and steelhead are highly 
unlikely, warranting a score of 1.  Ecological 
benefits could result from nutrient enhancement in 
the North Yuba River.  However, considering 
2,000─3,000 carcasses over 35 miles of river, no 
appreciable benefit would be likely. 

 3 Other native Feather River fishes would benefit 
based on similar spawning substrate 
requirements and the volitional nature of passage 
into the created habitat.  However, given the lack 
of data regarding habitat use of non-salmonids in 
the Lower Yuba River, a score of 3 is reasonable. 

(p) Adverse Effects on 
Other ESA Species 

4 5 5 It is unlikely that there are any listed species in the 
upper watershed that would be affected by these 
actions.  Thus, a score of 5 is warranted. 

 5 Based on the U.S. Fish and Wildlife Service 
special species list prepared for the Lower Yuba 
River Gravel Augmentation Project Yuba and 
Nevada Counties, California Draft 
Environmental Assessment (September 2010), no 
listed species in the Lower Yuba River would be 
affected by these actions.  Thus, a score of 5 is 
warranted. 

(q) Adverse Effects on 
Cultural Resources 

5 5 5 It is unlikely that these actions would adversely 
affect any cultural resources.  Thus, a score of 5 is 
warranted. 

 5 It is unlikely that these actions would adversely 
affect any cultural resources.  Thus, a score of 5 
is warranted. 

Total Score 55 70 59   69   
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Upper Yuba River Actionsa 

 

Lower Yuba River Actionsb 

Criterion 

Draft 
HEP 
Score 

NMFS 
Score 

Final 
HEP 
Score Rationale 

Final 
HEP 
Score Rationale 

Selection Criteria  

(a) Contribution to the 
HET 

1 5 3 A trap-and-transport program on the North Yuba 
River has the potential to provide access to habitat 
that would accommodate more than 3,000 spring-run 
Chinook salmon.  However, such a program under 
the HEA would need to specify transport of fish 
sufficient to meet the HET, as there is no obligation 
to exceed the HET.  There is the potential to partner 
with others to increase the number of fish 
transported.  Likely partners would be the U.S. Army 
Corps of Engineers or YCWA, or perhaps a 
consortium of stakeholders.  At present, there is no 
obligation, commitment, or consensus of the likely 
partners.  This may be achieved through the Yuba 
River Salmon Forum currently being formed but not 
within the expected timeline of the HEA.  Thus, 
under the HEA, these actions would meet the HET 
and receive a mid-range score of 3. 

 4 These actions are likely to exceed the HET, but 
the degree to which they would exceed the HET 
is uncertain.  Therefore, a score of 4 is 
appropriate. 

(b) Cost Effectiveness 3 3 1 Compared to other actions evaluated, trap-and-
transport actions, including the Upper Yuba River 
Actions, are the most expensive on a cost-per-fish 
basis because of the necessary infrastructure and 
O&M costs required to sustain the program.  Thus, a 
score of 1 is warranted. 

 5 Compared to other actions evaluated, the Lower 
Yuba River Actions are the more cost effective 
on a cost-per-fish basis, warranting a score of 5. 

(c) Feasibility 2 5 3 The average of the four Evaluation Criteria that 
comprise this Selection Criterion—(a) feasibility, (d) 
cost effectiveness, (i) local/political support, and (l) 
resource consistency—is 2.5.  Rounding up this 
value yields a score of 3 for this criterion. 

 4 The average of the four Evaluation Criteria that 
comprise this Selection Criterion—(a) feasibility, 
(d) cost effectiveness, (i) local/political support, 
and (l) resource consistency—is 4.   
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Upper Yuba River Actionsa 

 

Lower Yuba River Actionsb 

Criterion 

Draft 
HEP 
Score 

NMFS 
Score 

Final 
HEP 
Score Rationale 

Final 
HEP 
Score Rationale 

(d) Time to Implement 2 3 2 As stated for Evaluation Criterion (h), time to 
implement, these actions likely would require 10 or 
more years to reach the implementation stage; thus, a 
score of 2 is warranted. 

 5 As stated for Evaluation Criterion (h), time to 
implement, implementation of these actions 
likely could begin within approximately 5 years.  
Thus, a score of 5 is warranted.  

Total Score 8 16 9   17   

Notes: 

 HEA = Habitat Expansion Agreement for Central Valley Spring-run Chinook Salmon and California Central Valley Steelhead. 

 HEP = Habitat Expansion Plan. 

 HET = Habitat Expansion Threshold. 

 NMFS = National Marine Fisheries Service. 
a Reintroduction of spring-run Chinook salmon into the North Yuba River above New Bullards Bar Reservoir. 
b Spawning habitat expansion at Sinoro Bar and Narrows Gateway and installation of an optional segregation weir, if deemed necessary by the resource agencies (NMFS, 

U.S. Fish and Wildlife Service, and California Department of Fish and Game). 
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Acronyms and Abbreviations 

2007 BiOp Biological Opinion for the U.S. Army Corps of Engineers’ Operation of 
Englebright and Daguerre Point Dams on the Yuba River, California (NMFS 
2007) 

AFRP Anadromous Fish Restoration Program 

AMP adaptive management plan  

CEQA California Environmental Quality Act 

Co-Manager Review 
Draft Recovery Plan 

Recovery Plan for the Evolutionarily Significant Units of Sacramento River 
Winter-Run Chinook Salmon and Central Valley Spring-Run Chinook Salmon 
and the Distinct Population Segment of Central Valley Steelhead Co-Manager 
Review Draft 

Corps U.S. Army Corps of Engineers 

Delta Sacramento River-San Joaquin River Delta 

DFG California Department of Fish and Game  

DWR California Department of Water Resources  

ESA Endangered Species Act  

FED federal agency 

FERC Federal Energy Regulatory Commission  

Forest Service U.S. Department of Agriculture Forest Service  

HEA Habitat Expansion Agreement for Central Valley Spring-Run Chinook Salmon 
and California Central Valley Steelhead  

HEP Habitat Expansion Plan  

HET Habitat Expansion Threshold  

Licensees (California Department of Water Resources and Pacific Gas and Electric 
Company) 

LOC local agency 

Lower Yuba River 
Actions 

Lower Yuba River Habitat Expansion Actions  

LYRL Lower Yuba River landowner 

NGO non-government organization  
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NMFS National Marine Fisheries Service  

Oroville Facilities Oroville Facilities, FERC Project No. 2100 

Oroville Settlement 
Agreement 

Settlement Agreement for Licensing of the Oroville Facilities 

PG&E Pacific Gas and Electric Company  

Poe Poe Hydroelectric Project, FERC Project No. 2107  

Public Draft 
Recovery Plan 

Public Draft Recovery Plan for the Evolutionarily Significant Units of 
Sacramento River Winter-Run Chinook Salmon and Central Valley Spring-Run 
Chinook Salmon and the Distinct Population Segment of Central Valley 
Steelhead (NMFS 2009) 

RM river mile  

RMT Yuba Accord River Management Team  

STA State agency 

State Water Board State Water Resources Control Board 

SWP State Water Project  

SYRCL South Yuba River Citizens League  

Three-Creek Actions Battle Creek, Big Chico Creek, and Antelope Creek Habitat Expansion Actions 

Upper North Fork 
Feather River 

Upper North Fork Feather River Hydroelectric Project, FERC Project No. 2105 

USFWS U.S. Fish and Wildlife Service  

VSP Viable Salmonid Population  

YCWA Yuba County Water Agency  

Yuba Accord Lower Yuba River Accord  
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Appendix G 
Responses to Comments Received on the  

Draft Habitat Expansion Plan 

The Draft Habitat Expansion Plan (HEP) for the Habitat Expansion Agreement 
for Central Valley Spring-Run Chinook Salmon and California Central Valley 
Steelhead (HEA) was released on November 20, 2009.  Pursuant to the HEA, the 
Department of Water Resources (DWR) and Pacific Gas and Electric Company 
(PG&E) (together, the Licensees) were required to submit the Draft HEP to the 
HEA signatories and other interested parties for review and comments within 
2 years from the HEA effective date of November 20, 2007.  Comments on the 
Draft HEP were to be submitted to the Licensees within 90 days, or no later than 
February 18, 2010.  This appendix includes all comment letters and electronic 
mail received by the Licensees on the Draft HEP from the release of the 
document through October 2010.  Responses are provided for each comment 
received. 

Comment Letters  

Eighteen comment letters (including electronic mail) were received from federal 
agencies, state agencies, local agencies, non-government organizations, and 
individuals (Lower Yuba River landowners).  The comment letters are organized 
and numbered with acronyms as follows: 

 Federal agency – FED 

 State agency – STA 

 Local agency – LOC 

 Non-government organization – NGO 

 Lower Yuba River landowner – LYRL 

Table G-1 lists the comment letters that were received on the Draft HEP.   
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Table G-1.  Comment Letters Received on the Draft Habitat Expansion Plan  

Comment 
Letter No. Date Agency/Organization Name 

Federal Agencies  

 

FED1 02/18/10 National Marine Fisheries 
Service 

Rodney R. McInnis, Regional Manager 

FED2 02/18/10 U.S. Fish and Wildlife Service M. Kathleen Wood, Assistant Field Supervisor, 
Sacramento Fish and Wildlife Office 

State Agencies   

 

STA1 02/10/10 California Department of Fish 
and Game 

John McCamman, Director 

Local Agencies   

 

LOC1 02/15/10 Yuba County Resource 
Conservation District (RCD) 

John Waskiewicz, Chair, Yuba County RCD 
Board of Directors 

LOC2 02/17/10 High Sierra Resource 
Conservation & Development 
Area 

William J. Bennett, President 

LOC3 02/18/10 KC Hydro Kelley W. Sackheim, Principal 

LOC4 02/18/10 Yuba County RCD John Waskiewicz, Chair, Yuba County RCD 
Board of Directors 

Non-Government Organizations  

 

NGO1 01/19/10 California Fisheries and Water 
Unlimited 

Robert J. Baiocchi, President 

NGO2 01/22/10 California Sportfishing 
Protection Alliance 

Chris Shutes, FERC Projects Director 

NGO3 02/12/10 Pacific Coast Federation of 
Fishermen’s Associations 

W. F. “Zeke” Grader, Jr., Executive Director 

NGO4 02/12/10 Yuba Watershed Protection & 
Fire Safe Council 

Glenn Nader, Facilitator 

NGO5 02/17/10 State Water Contractors Terry Erlewine, General Manager 

NGO6 02/18/10 South Yuba River Citizens 
League 

Gary Reedy 

NGO7 02/20/10 American Rivers Steve Rothert, Director, California Regional 
Office 
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Table G-1.  Continued 

Comment 
Letter No. Date Agency/Organization Name 

Lower Yuba River Landowners  

 

LYRL1 01/21/10 Private landowner Ralph Mullican 

LYRL2 02/05/10 Law Offices of Letty Litchfield Letty Litchfield 

LYRL3 02/12/10 Private landowner Kit Burton 

LYRL4 02/18/10 Western Aggregates David A. Greenblatt, Senior Vice President 

 

Responses to Comments 

This appendix includes scanned copies of the letters received.  Each distinct issue 
in the comment letter is numbered, and the corresponding response to the 
comment is similarly numbered.  For example, the first comment received from 
the National Marine Fisheries Service (NMFS) (Comment Letter FED1) is 
labeled FED1-1. 

Comments received on the Draft HEP were considered during preparation of the 
Final HEP.  According to Section 4.2.1 of the HEA, “The Final Habitat 
Expansion Plan shall address all comments received during the 90-day review 
and comment period, and shall include an explanation of why any such comment 
was not adopted.”  Responses to the comments received identify specific changes 
that were made to the Draft HEP and incorporated into the Final HEP, or provide 
an explanation of why the comment was not adopted.    

The Licensees recognize that comments regarding the Lower Yuba River Actions 
proposed in the Draft HEP do not necessarily apply to the Lower Yuba River 
Actions that are presented in the Final HEP, as the recommended actions were 
modified. 

Master Responses 

A review of the comment letters received on the Draft HEP revealed that some 
comments were made frequently, demonstrating a common concern among those 
submitting written comments.  In some cases, the array of similar comments 
about a particular topic provided more clarity about a specific issue than any 
single comment.  To allow presentation of a response that addresses all aspects of 
these related comments, master responses have been prepared for those topics 
that were raised in a number of comments.  These master responses are intended 
to allow a well-integrated response that addresses all facets of a particular issue, 
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in lieu of piecemeal responses to individual comments that may not have 
portrayed the full complexity of the issue. 

When applicable, the individual responses to comments cross-reference an 
applicable master response to further respond to the comment or to provide 
additional explanation and information.  In some cases, a master response may 
fully respond to the individual comment. 

Master responses have been provided for the following issues raised in comments 
received on the Draft HEP: 

 Comments related to the contribution to the Habitat Expansion Threshold 
(HET) (see Master Response 1) 

 Comments related to the Three-Creek Actions (see Master Response 2) 

 Comments related to the eligibility of the Lower Yuba River Actions (see 
Master Response 3) 

 Comments related to use of an optional segregation weir (see Master 
Response 4) 

 Comments related to mitigation for unmitigated impacts on the Feather River 
(see Master Response 5) 

Each master response is presented in the following sections. 

Master Response 1, Contribution to the Habitat 
Expansion Threshold 

“The specific goal of the Agreement [HEA] is to expand spawning, rearing and 
adult holding habitat sufficiently to accommodate an estimated net increase of 
2,000 to 3,000 Spring-Run for spawning (“Habitat Expansion Threshold”) in the 
Sacramento River Basin…” (Section 2.2 of the HEA).  The HEA notes that, 
although the HET refers to habitat for spring-run Chinook salmon, expansion of 
suitable habitat should benefit steelhead as well.  The actual number of fish that 
return to utilize the expanded habitat in any year is determined to a large degree 
by factors outside the Yuba River and beyond the scope of the HEA. 

The HEA directs the Licensees to use the “[c]ontribution to achieving the Habitat 
Expansion Threshold” (Section 4.1.2[a] of the HEA) as a criterion for selection 
of habitat expansion actions; however, the HEA does not specify a methodology 
for estimating the contribution of recommended actions to the HET.  For this 
reason, and given time and data constraints related to the selection of actions, the 
Licensees developed a methodology that is based on existing scientific 
knowledge and provides a conservative estimate of habitat potential associated 
with the recommended actions.  While developing this methodology, the 
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Licensees took into account comments received through consultation with NMFS 
and other HEA signatories.  In keeping with the language of the HEA, actions 
benefiting spring-run Chinook salmon were presumed to benefit steelhead, and 
no explicit evaluation of the actions was made with regard to their benefits for 
steelhead. 

The methodology for determining contribution to the HET involved two steps.  
First, the quantity of habitat for spawning by spring-run Chinook was evaluated 
based on the extent of habitat expansion and plausible estimates of Chinook 
spawning densities in the Yuba River and elsewhere (Pasternack 2010a, 2010c).  
Second, the quality of the expanded habitat for spring-run Chinook salmon was 
evaluated to adjust the quantity of expanded habitat for existing habitat 
limitations across life stages.  The evaluation of environmental conditions 
adjusted the area-based spawner estimates of Pasternack (2010a, 2010c) 
downward to account for environmental limitations not addressed by the HEA 
recommended actions.   

Through application of this methodology, the sum of the estimated increases in 
habitat potential for spring-run Chinook salmon resulting from expansion of 
spawning habitat in the Lower Yuba River at Sinoro Bar and at Narrows 
Gateway was demonstrated to exceed the HET (see discussion in Chapter 4 of 
the Final HEP for more detail).  

Master Response 2, Three-Creek Actions  

The Licensees removed the Three-Creek Actions (Battle Creek, Big Chico Creek, 
and Antelope Creek Habitat Expansion Actions) from consideration in the Final 
HEP because the individual actions have been fully or partially funded by other 
sources, or funding appears to be imminent.  The funding status for each action is 
described below.  

 Battle Creek Actions.  DFG has identified full funding for the Battle Creek 
Actions (i.e., Phase 2 of the Battle Creek Salmon and Steelhead Restoration 
Project).  Funding is currently being secured.  (Berry pers. comm.) 

 Antelope Creek Action.  As documented during a teleconference with 
California Department of Fish and Game (DFG) (Bratcher pers. comm.), the 
Anadromous Fish Restoration Program (AFRP) will provide full funding for 
Paynes Crossing in Fiscal Year 2010–2011.  The Antelope Creek Action will 
be implemented by DFG in summer 2011. 

 Big Chico Creek Action.  As explained by Susan Strachan (Strachan pers. 
comm.), partial funding for the restoration of the Iron Canyon fish ladder has 
been obtained.  Providing funding for the remainder of this project would not 
result in a significant contribution to the HET; thus, the Licensees eliminated 
this action from consideration. 
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Should the status of anticipated funding change before approval of the Final HEP 
by NMFS, the Licensees may reconsider recommending these actions for 
implementation under the HEA.  

Master Response 3, Eligibility of the Lower Yuba 
River Actions  

The recommended actions in the Final HEP are eligible as defined in 
Section 3.2 (a—d) in the HEA:   

3.2 Existing Requirements and Commitments 

For purposes of this Agreement, the term “Existing Requirements and 
Commitments” is intended to encompass actions expected to occur in a 
timeframe comparable to implementation of habitat expansion action(s) under 
this Agreement.  Existing Requirements and Commitments may include but are 
not limited to: 

(a) legal or regulatory requirements that are the subject of any form of binding 
order issued by a regulatory agency or court of competent jurisdiction, at 
the time NMFS approves the habitat expansion action(s); 

(b) legal or regulatory requirements that are the subject of ongoing or imminent 
administrative or judicial action by an agency or court of competent 
jurisdiction at the time NMFS approves the habitat expansion action(s); 

(c) obligations or commitments set forth in a draft license application, final 
license application, settlement agreement, or agreement-in-principle in a 
pending hydroelectric relicensing proceeding at the time NMFS approves 
the habitat expansion action(s); and 

(d) reasonable and prudent alternatives, reasonable and prudent measures, and 
terms and conditions of any final Biological Opinion that has been issued at 
the time NMFS approves the habitat expansion action(s). 

NMFS comments on the Draft HEP state that the recommended actions in the 
Draft HEP should be considered within the scope of the actions required in the 
NMFS 2007 Final Biological Opinion Concerning the Effects of the U.S. Army 
Corps of Engineers Operation of Englebright and Daguerre Point Dams on the 
Yuba River, California (2007 BiOp) and therefore do not meet the HEA 
Approval Criteria regarding eligibility.  As explained below, the recommended 
actions are not currently part of a final biological opinion, nor are they an 
existing legal or regulatory requirement.  Consequently, the spawning habitat 
expansion actions at Sinoro Bar and Narrows Gateway are eligible under the 
HEA.   

Currently, two documents direct resource management activities in the Lower 
Yuba River and thus hold the potential to affect the eligibility of the Lower Yuba 
River Actions being recommended under the HEA:  the Lower Yuba River 
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Accord (Yuba Accord) and the 2007 BiOp.  The Yuba Accord is a collaborative 
agreement to provide flows and temperatures that are conducive to successful 
production of listed anadromous salmonids within the Lower Yuba River.  
Because the Final HEP does not recommend any change to flows in the river, the 
existing Yuba Accord does not affect the eligibility under the HEA of actions 
recommended in the Final HEP.  The 2007 BiOp requires the U.S. Army Corps 
of Engineers (Corps) to implement a gravel augmentation program in the Lower 
Yuba River within 3 years of issuance, raising the issue of eligibility under the 
HEA for recommended Lower Yuba River Actions. 

Corps Gravel Augmentation Program 

The spawning habitat expansion actions at Sinoro Bar and Narrows Gateway are 
independent of, and complementary to, the Corps’ gravel augmentation program 
below Englebright Dam.  The purpose of the HEP recommended actions is to 
create spawning habitat where negligible amounts currently exist in the lower 
portion of the Englebright Dam Reach and the upper portion of the Narrows 
Reach.  The spawning habitat expansion action at Sinoro Bar (Englebright Dam 
Reach) involves the removal of shot rock, reshaping the streambed, and 
placement and contouring of gravel to create new spawning habitat.  The 
spawning habitat expansion action at Narrows Gateway (Narrows Reach) 
involves creation of additional spawning habitat immediately downstream of 
Sinoro Bar through removal of the armored surface layer of the streambed, 
recontouring of the streambed, and placement and contouring of gravel. 

In contrast, the Corps gravel augmentation program is designed to provide a 
periodic injection of gravel to compensate for the loss of gravel recruitment 
caused by Englebright Dam.  The 2007 BiOp contains, as one of its Reasonable 
and Prudent Measures, the following:   

1. The Corps shall develop and implement a long-term gravel augmentation 
program to restore quality spawning habitat below Englebright Dam. 

A) The Corps shall utilize information obtained from the pilot gravel injection 
project to develop and commence implementation of a long-term gravel 
augmentation program within three years of the issuance of this biological 
opinion. 

The Corps initiated a pilot gravel injection project in November 2007, with 
450 short tons of spawning-sized gravel placed below Englebright Dam (in the 
pool below Narrows 2 Powerhouse).  Based on the results of this and other 
geomorphic studies, Pasternack (2010b) prepared the Gravel/Cobble 
Augmentation Implementation Plan (GAIP) for the Englebright Dam Reach of 
the Lower Yuba River, CA.  As part of that plan, the Corps is proposing to place 
an additional 2,000 to 5,000 short tons of spawnable-sized gravel below 
Englebright Dam (approximately 115 feet downstream of the Narrows 1 
powerhouse, to avoid potential impacts to powerhouse operations) in November 
2010 (Corps 2010).  This would likely be the first of multiple gravel injections in 
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the upper portion of the Englebright Dam Reach over a period of a few years, as 
proposed for the Corps by Pasternack (2010b).  

Pasternack (2010b) indicates that implementation of the full plan is designed to 
erase the current deficit of gravel in the Englebright Dam Reach; however, 
rehabilitation at Sinoro Bar and Narrows Gateway is clearly beyond the scope of 
the plan.  The Corps’ program would likely create new spawning habitat 
upstream of Sinoro Bar/Narrows Gateway and potentially help to sustain the 
spawning habitat created downstream by the HEP recommended actions. 

As noted, the HEP spawning habitat expansion actions and the Corps gravel 
augmentation program are complementary.  Each set of actions would 
independently provide expanded spawning habitat, and the Corps program could 
help to sustain the HEP actions over time through periodic introduction of gravel 
to Sinoro Bar and Narrows Gateway.  Other actions outlined in the 2007 BiOp 
that complement the HEP recommended Lower Yuba River Actions include 
injection of woody debris (which could aid in gravel retention and improved 
microhabitat conditions), improvements to passage at Daguerre Point Dam, and 
screening of diversions downstream of the Lower Yuba River habitat expansion 
actions.   

Existing Legal and Regulatory Requirements 

The 2007 BiOp recently was challenged in federal court (South Yuba River 
Citizens League and Friends of the River v. National Marine Fisheries Service et 
al.).  The July 8, 2010 court order found that the 2007 BiOp had failed to provide 
a rational connection between the determination that operation of Englebright 
Dam would perpetuate unmitigated stressors and the conclusion by NMFS that 
those stressors would not jeopardize the listed fish.  Given that, the court held it 
could not conclude whether the measures required in NMFS Incidental Take 
Statement achieved the goal of not jeopardizing the species ─ that is, the court 
could not decide on the record whether the measures were inadequate [July 8, 
2010 Order p. 70]. 

More importantly, the court’s ruling did not center on the Corps’ gravel 
augmentation program, which is currently being implemented.  Accordingly, it 
appears that the other stressors identified in the litigation would be subject to 
change in any revised biological opinion that may be issued as a result of the 
court’s ruling. The ruling does address inadequate language related to fish 
passage at Daguerre Point Dam, inadequate language addressing screening at the 
South Yuba-Brophy diversion, failure to consider the effects of fish straying from 
the Feather River Fish Hatchery, failure to address the effects of climate change, 
failure to include a discussion of effects from the condition of the Delta, and 
failure to address the potential threat of poaching.  It should be noted that the 
court discussed the Corps’ gravel augmentation program and concluded that the 
reliance of the biological opinion on the proposed gravel augmentation program 
was itself reasonable.   
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Consequently, the expansion of spawning habitat recommended in the Final HEP 
is not part of any legal or regulatory requirement that is the subject of any form 
of binding order issued by a regulatory agency or court of competent jurisdiction.  
In addition, there is no evidence to indicate that the gravel augmentation program 
that is currently being undertaken by the Corps will be expanded upon by either 
the court or by NMFS at a future time to include the recommended HEP actions. 

The Final HEP assumes that the gravel augmentation will continue over the long 
term; however, the Licensees recognize their responsibility for maintaining 
habitat expansion actions at the spawning rehabilitation sites (Sinoro Bar and 
Narrows Gateway) for the term of their obligation under the HEA.  Therefore, 
gravel augmentation necessary to sustain the habitat created will be assured by 
one of these two processes. 

Master Response 4, Optional Segregation Weir on 
the Lower Yuba River  

The segregation weir remains in the Final HEP as an optional component of the 
Lower Yuba River Actions to be used at the discretion of the resource agencies 
(NMFS, U.S Fish and Wildlife Service [USFWS], and DFG).  If the fish do not 
naturally segregate, the weir could be implemented to minimize potential impacts 
resulting from fall-run Chinook salmon spawning in the same reach as spring-run 
Chinook salmon (e.g., superimposition and introgression).  If the spring-run and 
fall-run Chinook salmon naturally segregate to a degree that is deemed 
acceptable by the resource agencies, the weir would not be implemented.  

During the 6-month extension for preparing the Final HEP, the Steering 
Committee met with DFG to discuss an optional segregation weir and to develop 
a conceptual adaptive management plan (AMP) (Appendix J).  If the resource 
agencies elect to install a segregation weir, an AMP could be developed to 
identify the acceptable conditions under which a segregation weir would be 
installed.  The AMP would address criteria for determining whether a sufficient 
degree of natural selection is occurring (e.g., percentage of spring-run versus fall-
run Chinook salmon using the habitat), installation timing, placement, duration, 
and other watershed-specific considerations.  Provisions to minimize or eliminate 
negative effects on steelhead and fall-run Chinook salmon also would be 
included through consideration of optimal weir placement and the duration of 
weir operation, thereby supporting the overall HEA objectives.  DFG has 
expressed support for managing the Lower Yuba River from the Narrows Pool to 
Englebright Dam for spring-run Chinook salmon (Hill pers. comm.). 

The segregation weir could be managed under two strategies, a long-term 
strategy and an in-season strategy.  Both would be supported by monitoring data.  
The long-term strategy would determine the overall need for installation of the 
segregation weir to ensure adequate separation between the runs.  The in-season 
strategy would involve an annual decision whether to install the segregation weir 
based on projections for the seasonal abundance of fall-run Chinook salmon.  For 



California Department of Water Resources and 
Pacific Gas and Electric Company 

 Appendix G.  Responses to Comments

 

 
Habitat Expansion Agreement 
Final Habitat Expansion Plan 

 
G-10 

November 2010

ICF 00854.08

 

example, should the fall-run projections indicate a high potential for spawning 
overlap with spring-run, the weir could be installed.  The Licensees anticipate 
that the segregation weir would be managed by the resource agencies, with 
funding provided by the Licensees via the HEA.   

A detailed discussion on the optional segregation weir is presented in Chapter 3 
of the Final HEP.  An example of an AMP that could be used for management of 
the segregation weir is provided in Appendix J. 

Master Response 5, Mitigation for Unmitigated 
Impacts on the Feather River  

The HEA is not intended to mitigate for all habitat losses in the Feather River 
watershed.  As specified in Section 1.2 of the HEA, fulfilling the agreement will 
“fully mitigate for any presently unmitigated impacts due to blockage of fish 
passage (emphasis added) of all fish species caused by the Feather River 
Hydroelectric Projects.”  In order to fulfill the agreement, the Licensees must 
expand spawning, rearing, and adult holding habitat to accommodate a net 
increase of 2,000–3,000 spring-run Chinook salmon (Sections 2.1 and 2.2 of the 
HEA).  Expansion will be accomplished through enhancements to existing 
accessible habitat, improving access to habitat, or other physical habitat 
improvements (Section 2.1 of the HEA).  Other mitigation measures to 
compensate for loss of habitat include those outlined in Appendix A of the 
Settlement Agreement for Licensing of Oroville Facilities (see Chapter 1 of the 
Final HEP for more information) and the continued operation of the Feather 
River Fish Hatchery.  Additionally, under the Settlement Agreement, DWR will 
be developing Hatchery Genetic Management Plans for the three salmonid stocks 
produced at the Feather River Fish Hatchery to minimize potential negative 
effects of hatchery fish on natural populations. 

The HEA has been adopted to fully mitigate for any presently unmitigated 
impacts due to blockage of fish passage of all fish species caused by the Feather 
River Hydroelectric Projects, as an alternative to NMFS exercising their 
authority under Section 18 of the Federal Power Act (Section 1.2 of the HEA).  
Impacts of other facilities, State and private, are mitigated under other 
proceedings not related to the HEA. 
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Comment Letter FED1 (Rodney R. McInnis, National Oceanic and Atmospheric Administration, National Marine Fisheries 
Service, February 18, 2010) 
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Comment Letter FED1 (Continued) 
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Comment Letter FED1 (Continued) 
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Comment Letter FED1 (Continued) 
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Comment Letter FED1 (Continued) 
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Comment Letter FED1 (Continued) 
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Comment Letter FED1 (Continued) 
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Comment Letter FED1 (Continued) 
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Comment Letter FED1 (Continued) 



California Department of Water Resources and  
Pacific Gas and Electric Company 

 Response to Comments from Federal Agencies

 

 
Habitat Expansion Agreement 
Final Habitat Expansion Plan  

 
G-20 

November 2010

ICF 00854.08

 

Comment Letter FED1 (Continued) 
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Comment Letter FED1 (Continued) 
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Responses to Letter FED1 (Rodney R. McInnis, National Oceanic and Atmospheric Administration, National Marine 
Fisheries Service, February 18, 2010) 

FED1-1 

No language in the HEA indicates that the HEA was intended to restore 
salmon above the rim dams.  Further, the HEA does not impose any 
obligation on the Licensees to recover ESA species, but only to be 
consistent with recovery efforts (HEA Section 4.1.1[j]).  The actions 
recommended by the Licensees are consistent with ESA recovery because 
they are similar to actions called for in the Public Draft Recovery Plan for 
Central Valley Chinook and Steelhead (Public Draft Recovery Plan) issued 
by NMFS (2010).   

The current proposals for reintroduction above rim dams call for trapping of 
adults, transporting them above the dams, and capturing and transporting 
juvenile progeny to below the dams.  The Licensees argue that trap and 
transport is not consistent with the HEA language calling for “minimal 
human intervention … to achieve access to expanded habitat” and favoring 
“volitional passage over [actions] which require a high degree of human 
intervention” (HEA Section 4.1.1 [e]), cost effectiveness (HEA 
Sections 4.1.1 [d]) and 4.1.2 [b]) and timeliness of benefits (HEA 
Sections 4.1.1 [h], 4.1.2 [d] and 4.2.3[f]).  Finally, because a trap-and-
transport option would require extensive testing and development of 
facilities and operation, the Licensees argue that trap and transport must be 
considered experimental and is therefore discouraged under HEA 
Section 4.1.1(a). 

FED1-2 and FED 1-3 

While developing the Draft HEP, the Steering Committee did consider 
NMFS concerns, perspectives, and interests.  Specifically, NMFS requested 
that the Steering Committee consider options for providing fish passage 
above Englebright Dam on the Yuba River (i.e., the Upper Yuba River 
Actions).  This concept was first presented by NMFS during a Steering 
Committee meeting held on April 8, 2009.  At the time, the Upper Yuba 
River Actions were not well defined.  Studies to determine the feasibility of 
reintroduction above Englebright Dam were (and still are as of the release 
of the Final HEP) ongoing; a multi-party forum to consider reintroduction 
of spring-run Chinook salmon in the Upper Yuba River watershed was in 
the planning stages; and descriptions of the proposed Upper Yuba River 

actions were provided verbally rather than in a written document, such as 
the HEA questionnaire. 

Following the April 2009 meeting, NMFS responded to phone calls and 
email correspondence from the Steering Committee requesting additional 
information on the Upper Yuba River Actions; however, not enough 
information was relayed to the Steering Committee to adequately evaluate 
the Upper Yuba River Actions.  Using the information provided by NMFS, 
the Steering Committee evaluated the Upper Yuba River Actions using the 
HEA Evaluation and Selection Criteria.  Based on the minimal amount of 
information that was provided, the Upper Yuba River Actions did not score 
as high (and were not as ready to implement) as some of the other potential 
habitat expansion actions that the Steering Committee was evaluating for 
the Draft HEP.   

On numerous occasions, the Steering Committee requested additional 
information from NMFS in order to better evaluate this action.  Specifically, 
the Steering Committee requested that NMFS complete a questionnaire on 
the proposed action(s) for the Upper Yuba River so that the Steering 
Committee could fairly evaluate this action similar to evaluation of other 
potential actions (i.e., for all other potential actions evaluated in the Draft 
HEP, questionnaires had been completed specifically describing the action 
and providing information to a uniform set of questions).   

NMFS did not respond to requests from the Steering Committee for 
additional information on the Upper Yuba River Actions until after the 
Draft HEP had been completed and released for review.  After release of the 
Draft HEP (in November 2009), NMFS provided the Steering Committee 
with the following documents: 

 Yuba River Fish Passage, Conceptual Engineering Project Options, 
prepared for NMFS by MWH (completed in February 2010) 

 completed HEA questionnaire prepared by NMFS on the Upper Yuba 
River Actions (submitted in June 2010) 

Even after providing this information, results from the following related 
studies commissioned by NMFS that were referenced in the HEA 
questionnaire were not available for consideration while developing this 
Final HEP: 
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 RIPPLE modeling being conducted by Stillwater Sciences to determine 
the capacity of the Upper Yuba River watershed for spring-run 
Chinook salmon (anticipated completion date is November 2010; 
however, the modeling had not been completed by the release of the 
Final HEP); and 

 a detailed reintroduction plan for spring-run Chinook salmon to the 
Upper Yuba River, to be conducted by R2 Resources, Inc. (anticipated 
completion date is December 2010).  

With the additional information provided by NMFS, the Steering 
Committee used the same working definitions and scoring process 
developed for the Draft HEP to re-evaluate the Upper Yuba River Actions 
in the Final HEP.  The results of the evaluation are described in Chapter 2 
of the Final HEP.  Table F-1 in Appendix F of the Final HEP presents the 
scores for the Upper and Lower Yuba River Actions that were developed 
for the Final HEP.  For comparative purposes, scores for the Upper Yuba 
River Actions that were included in the Draft HEP and those that were 
provided by NMFS in their comment letter on the Draft HEP also are 
included in Table F-1. 

See also response to Comment FED1-11. 

FED1-4 

The Steering Committee held several meetings with the HEA signatories to 
explain the process used to score the potential habitat expansion actions and 
to estimate their contributions to the HET.  Specifically, the Steering 
Committee held meetings with the HEA signatories to review this process 
on June 15, August 12, and October 15, 2009.    

The scoring process is described in detail in Chapter 3 of the Draft HEP.  
Based on additional information and comments received after the release of 
the Draft HEP, the Lower Yuba River and Upper Yuba River Actions were 
rescored for the Final HEP (see Table F-1 in Appendix F). 

The process to determine the contribution to the HET is explained in 
Chapter 4 of the Draft HEP, and a summary of the results are presented in 
Appendix E of the Draft HEP.  The working spreadsheets that were used to 
estimate the contribution to the HET for actions recommended in the Draft 
HEP were made available on the HEA website following distribution of the 
Draft HEP. 

Although the process was well documented in the Draft HEP, several 
comments on the Draft HEP question how the Steering Committee 
determined the contribution of recommended actions to the HET.  These 
comments are addressed in Master Response 1 regarding contribution to the 
HET and in Appendix N of the Final HEP. 

FED1-5 

The Steering Committee developed Working Definitions of Evaluation, 
Selection, and Approval Criteria to help with the process of evaluating, 
selecting, and recommending actions to fulfill the HEA.  While developing 
these definitions, the Steering Committee submitted draft definitions to 
NMFS and asked for their review and input to ensure a common 
understanding of the HEA criteria.  Although the Steering Committee did 
not receive formal comments from NMFS, the working definitions reflect 
discussions between the Steering Committee and NMFS staff (see 
Appendix F of the Final HEP).  For Evaluation Criterion (f) (i.e., favorable 
spatial separation from other populations or runs to maintain genetic 
diversity by minimizing interbreeding), the Steering Committee focused on 
spatial separation of spring-run and fall-run Chinook salmon, not separation 
of different populations of spring-run.    

 
The issue of spatial separation between different populations of spring-run 
Chinook salmon was largely addressed by Evaluation Criterion (g) (i.e., 
favorable spatial separation from other spawning streams to minimize 
population impacts of a stream-specific adverse event [geographic 
distribution is favored over centralization]).  Under Evaluation Criterion (g), 
the Steering Committee focused on spatial separation of newly created 
spring-run populations from the recognized independent, self-sustaining 
populations in Mill, Deer, and Butte Creeks.  Application of Evaluation 
Criterion (g) did not specifically look at the effects of spatial separation 
from the standpoint of interbreeding; rather, it addressed the value of 
creating expanded habitat with sufficient separation to avoid impacts of 
catastrophic events on multiple populations of spring-run.  However, in 
effect, application of Evaluation Criterion (g) in this manner did address the 
issue of minimizing interbreeding of newly created populations of spring-
run with the currently recognized independent, self-sustaining populations. 

Thus, favorable spatial separation between spring-run and fall-run Chinook 
salmon, and between different viable self-sustaining populations of spring-
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run fish, was addressed through a combination of Evaluation Criteria (f) and 
(g). 

FED1-6 

According to the ESA recovery goals outlined in the NMFS Draft Recovery 
Plan, recovery of Central Valley spring-run Chinook salmon would be 
determined by the existence of at least two viable salmon populations in 
each of the four diversity groups outlined by Lindley et al. (2004).  Given 
that Endangered Species Act (ESA) recovery as outlined in the NMFS Draft 
Recovery Plan is based on the viable salmonid population (VSP) concept, 
the four VSP parameters that are considered fundamental (abundance, 
productivity, biological diversity, and spatial structure) provide a useful 
metric in assessing the VSP/ESA consistency under Evaluation Criterion (j) 
for actions recommended in the HEP. 

FED1-7 

The Steering Committee concluded that the most favorable source for 
broodstock for any action would be an existing independent, self-sustaining 
population in the same stream as the proposed action; such actions would 
warrant a score of 5 for this criterion.  This conclusion is consistent with 
available scientific thought supporting local adaptation of salmon 
populations, as well as general NMFS policy.  

In any case, the difference in scoring makes no difference to the comparison 
of potential actions.  Currently, the only independent, self-sustaining 
populations of spring-run Chinook salmon in the Central Valley are in Mill, 
Deer and Butte Creeks.  Potential actions in these three streams only would 
have received a score of 5 for this criterion.  However, the Steering 
Committee eliminated projects from streams with existing populations in an 
effort to expand habitat and support establishment of a new independent, 
self-sustaining population in other basins.  Therefore, the highest score that 
any action evaluated could receive for this criterion is 4. 

FED1-8 

The Licensees included their actions outside of the HEA in the category of 
“Actions Taken by Others” when applying the scoring of this criterion to 
the potential actions.  The definition has been revised in the Final HEP to 
clarify this point (see Chapter 2 and Appendix F of the Final HEP).   

For Phase 2 of the Battle Creek Salmon and Steelhead Restoration Project, 
as described in the Draft HEP, the only potential action to be taken by 
others at that time was the potential for DFG to secure $12 million for 
Phase 2.  PG&E has no funding obligation to Phase 2 other than providing 
increased instream flows and operation and maintenance of the facilities 
post construction. 

Refer to Master Response 2 for an update on Actions Taken by Others for 
Phase 2 of the Battle Creek Salmon and Steelhead Restoration Project, 
which includes a commitment of funds from DWR under its Delta Fish 
Agreement. 

FED1-9 

See Master Response 3 regarding the eligibility of the Lower Yuba River 
Actions. 

FED1-10 

The Three-Creek Actions are not considered in the Final HEP.  See Master 
Response 2 regarding the Three-Creek Actions. 

FED1-11 

The Licensees believe that a logical scoring process was applied, given the 
best available information at the time of scoring.  The Upper Yuba River 
action was not well defined when the Draft HEP was released, and few 
studies were available for reference.  The scores assigned to the Upper 
Yuba River Actions were reassessed based on pertinent information 
received during the 6-month extension to prepare the Final HEP.  The 
scoring and rationale for each score are included in Appendix F of the Final 
HEP.  Table F-1 in Appendix F compares the scoring of Upper Yuba River 
Actions during preparation of the Draft HEP and the Final HEP.  The total 
score for the North Yuba River, which has been presented as the NMFS 
priority for reintroduction in the watershed, remains below that of the 
Lower Yuba River Actions.  Therefore, the Lower Yuba River Actions 
remain the recommendation by the Licensees. 

FED1-12 

See response to Comment FED1-11. 
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FED1-13 

See response to Comment FED1-11. 

FED1-14 

See response to Comment FED1-11. 

FED1-15 

See response to Comment FED1-11. 

FED1-16 

Comment noted. 

FED1-17 

See response to Comment FED1-11. 

FED1-18 

See response to Comment FED1-11. 

FED1-19 

See response to Comment FED1-11. 

FED1-20 

Comment noted. 

FED1-21 

See response to Comment FED1-11. 

FED1-22 

See response to Comment FED1-11. 

FED1-23 

See response to Comment FED1-11. 

FED1-24 

See response to Comment FED1-11. 

FED1-25 

Cost effectiveness, as scored for the Evaluation Criteria, is based on best 
professional judgment about the gain in population from an action (i.e., its 
estimated contribution to the HET) as it relates to the amount spent to 
achieve that gain.  Under Selection Criterion (c), cost effectiveness is 
specifically a comparison with other potential actions that are also under 
consideration following application of the Evaluation Criteria.  The 
Licensees believe that a primary factor in whether an action is feasible is the 
cost associated with the action.  For example, if an action is cost-
prohibitive, it can no longer be “reasonably accomplished” and should 
therefore not rank well under Selection Criterion (b).  Consequently, 
Evaluation Criterion (h) remains a consideration for Selection Criterion (b). 

FED1-26 

See response to Comment FED1-11. 

FED1-27 

See response to Comment FED1-11. 

FED1-28 

See response to Comment FED1-11. 

FED1-29 

See response to Comment FED1-11. 

FED1-30 

See response to Comment FED1-11. 

FED1-31 

Comment noted.  Section 1.1.2 in Chapter 1 of the Final HEP has been 
revised accordingly. 

FED1-32 

Comment noted.  Section 1.3 in Chapter 1 of the Final HEP has been 
revised accordingly. 
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FED1-33 

Comment noted.  The text has been revised to include a definition for 
“consultation” as referenced in the HEA (see Appendix C of the Final 
HEP). 

FED1-34 

Comment noted.  The actions were modified based on comments and new 
information received, as noted in Chapter 3 of the Final HEP. 

FED1-35 

The text found under Section 10.2.2 on page 10-3 of the Draft HEP has 
been revised accordingly.  The revised text is now found under 
Section 5.1.1 on page 5-2 of the Final HEP.   

FED1-36 

Comment noted.  The timeline presented in Appendix A of the Draft HEP 
has been revised and is now found in Appendix A of the Final HEP.  A 
footnote has been added to the timeline related to Section 4.2.7 of the HEA 
and states that the timing for NMFS to make an approval decision is not 
defined in the HEA; however, for planning purposes, the Steering 
Committee assumed that an approval would be made by NMFS in 
approximately 90 days. 

FED1-37 

The HET evaluation methodology used in the Draft HEP was described in 
detail in Chapter 4 (Contribution to the HET) of the Draft HEP.  The HET 
evaluation methodology has been refined and expanded in the Final HEP.  
The revised discussion is found in Chapter 4 of the Final HEP. 

FED1-38 

The Licensees have considered both access options to reach Sinoro Bar and 
Narrows Gateway for the spawning habitat expansion component of the 
Lower Yuba River Actions.  Constructing an access road on PG&E’s 
property on the north side of the river is possible but raises a number of 
environmental concerns (i.e., terrestrial resources and erosion issues).  
Accessing Sinoro Bar by crossing private property from the south side of 
the river appears to be the most feasible option.  As a result, the Licensees 
have been coordinating with the private landowners regarding the use of 

their property to access these sites.  The landowners have been very 
supportive of the spawning habitat expansion actions and have offered to 
help develop this component of the Lower Yuba River Actions by providing 
historical information related to the subject stream reaches.  The Licensees 
have solicited temporary entry permits from the landowners and expect to 
receive the permits in the near future, based on positive communications.  
After receiving temporary entry permits from each landowner, the 
Licensees will secure more long-term entry permits and negotiate easements 
with the landowners, in particular for operation and maintenance activities.    
 
The Licensees also have been coordinating with DFG regarding access to 
Sinoro Bar by crossing the Lower Yuba River at low flows.  DFG has 
expressed support for the spawning habitat expansion component 
recommended for Sinoro Bar and has indicated that a Streambed Alteration 
Agreement for a temporary crossing from the Mullican/Butler property to 
Sinoro Bar would likely be issued in order to implement the expansion of 
spawning habitat at this location (Hill pers. comm.). 

FED1-39 

RMT members who indicated their support to the Steering Committee of 
the document Habitat Expansion for Spring-Run Chinook Salmon and 
Steelhead in the Lower Yuba River (Appendix G of the Draft HEP) include 
Tom Johnson (Yuba County Water Agency [YCWA]), Tracy McReynolds 
(DFG), Gary Reedy (South Yuba River Citizens League [SYRCL]), and 
Gene Geary (PG&E). 

FED1-40 

See Master Response 4 regarding the optional segregation weir component 
of the Lower Yuba River Actions.   

FED1-41 

Comment noted.  Yoshiyama et al. 2001 provides a good context for current 
management of the Yuba River and the overall impact of development 
throughout the watershed.  Yoshiyama is cited throughout the Final HEP.   

FED1-42 

Please refer to Master Response 3 regarding eligibility of the Lower Yuba 
River Actions.   



California Department of Water Resources and  
Pacific Gas and Electric Company 

 Response to Comments from Federal Agencies

 

 
Habitat Expansion Agreement 
Final Habitat Expansion Plan  

 
G-41 

November 2010

ICF 00854.08

 

To reiterate, the Licensees believe that both the Sinoro Bar and Narrows 
Gateway spawning habitat expansion actions are eligible under the HEA, as 
they are independent of and complementary to the Corps gravel 
augmentation project.  The Corps gravel augmentation project is described 
in the recent Draft Environmental Assessment for the Lower Yuba River 
Gravel Augmentation Project, Yuba and Nevada Counties, California 
(Corps 2010). 

FED1-43 

In the Draft HEP, the Licensees recommended placement of gravel in lower 
Deer Creek to help rehabilitate spawning habitat in both Deer Creek and the 
Yuba River at the mouth of Deer Creek.  Since issuance of the Draft HEP, 
the Licensees have worked toward more fully developing this action.  Based 
on issues raised by NMFS and other signatories regarding limitations to 
expanding spawning habitat in Deer Creek, the Licensees have modified 
this action to focus solely on spawning habitat expansion in the Yuba River 
immediately downstream of Deer Creek (i.e., Narrows Gateway; see 
Chapter 3 of the Final HEP).  Rehabilitation of spawning habitat in Deer 
Creek itself has been removed from consideration.  The Final HEP contains 
two independent, but complementary, spawning habitat expansion actions:  
spawning habitat expansion at Sinoro Bar and at Narrows Gateway.  Both 
actions are located in the Yuba River channel between Englebright Dam 
and the Narrows Pool.   

FED1-44 

See Master Response 4 regarding the optional segregation weir component 
of the Lower Yuba River Actions. 

FED1-45 

See Master Response 4 regarding the optional segregation weir component 
of the Lower Yuba River Actions. 

FED1-46 

See Master Response 4 regarding the optional segregation weir component 
of the Lower Yuba River Actions. 

FED1-47 

The HEA allows for both habitat expansion and habitat enhancement, as 
stated in Section 3.1 of the HEA.  The juvenile rearing habitat restoration 
component described in the Draft HEP, referred to as the juvenile rearing 
habitat expansion component, has been modified and is defined in more 
detail in Appendix L of the Final HEP.  This action is difficult to quantify, 
does not significantly contribute to the HET, and was not included in the 
recommended actions in the Final HEP.  The Licensees would consider 
restoration actions such as the juvenile rearing habitat expansion as an 
alternative to the optional segregation weir.  The action would benefit 
juvenile spring-run Chinook salmon by expanding the amount of quality 
rearing habitat in the Lower Yuba River.   

FED1-48 

SYRCL, with funding from the AFRP, commissioned a study on 
rehabilitation concepts for juvenile salmonid rearing habitat in the Parks 
Bar to Hammon Bar Reach of the Lower Yuba River (cbec 2010).  The 
draft study concluded that rehabilitation actions to diversify rearing habitats 
in the Lower Yuba River are warranted.  However, specific designs of 
rehabilitation actions would need to be developed with geomorphic 
considerations in mind to ensure proper functioning and maximize their 
potential for being sustainable throughout the range of flows in the Lower 
Yuba River.  

The juvenile rearing habitat restoration component described in the Draft 
HEP, referred to as the juvenile rearing habitat expansion component, was 
modified during the development of the Final HEP.  The Licensees 
identified suitable sites for expanded juvenile rearing habitat that are 
different from those proposed in the SYRCL report.  Implementation of 
these actions would not involve pilot studies.  However, the benefits of 
these actions are difficult to quantify and do not significantly contribute to 
the HET.  Therefore they were not included in the recommended actions.  
The Licensees would consider these or other restoration actions in the event 
that the segregation weir option is not implemented.  The modified juvenile 
rearing habitat expansion actions are described in more detail in 
Appendix L of the Final HEP.  Also see response to Comment FED 1-47. 
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FED1-49 

The potential juvenile rearing habitat expansion actions are not 
recommended in the Final HEP.  The potential actions considered are 
described in Appendix L. 

NMFS correctly points out the complexity of flow and channel dynamics in 
creating and maintaining riverine habitat features and the special 
complexity of conditions in the Yuba River.  Potential actions considered 
by the Licensees included expansion of juvenile rearing habitat in the 
Lower Yuba River below Highway 20.  The habitat could be expanded by 
creating groundwater-fed alcoves and side channels that connect to the main 
river during high flows.  Clearly the location and nature of these potential 
actions would need to be carefully considered in light of the hydro-
geomorphology of the Lower Yuba River.  However, it should be pointed 
out that an unusual richness of information is available on the hydro-
geomorphology of the Lower Yuba River, in excess of almost any other 
area of the Sacramento River Basin.  Dr. Gregory Pasternack, a professor of 
watershed hydrology and geomorphology at UC Davis, has extensively 
mapped and studied the area above Highway 20 while the Yuba Accord 
River Management Team (RMT), USFWS, and others have studied the area 
below Highway 20. 

FED1-50 

See Master Response 3 regarding the eligibility of the Lower Yuba River 
Actions.  As explained by this master response, the Sinoro Bar and Narrows 
Gateway spawning habitat expansion actions are eligible under the HEA 
and, therefore, will contribute to the HET.  See Chapter 4 of the Final HEP 
for a discussion on the estimated contribution to the HET from the Sinoro 
Bar and Narrows Gateway spawning habitat expansions. 

The recommended actions, including spawning habitat expansion at Sinoro 
Bar and Narrows Gateway, are eligible under the HEA and expand habitat 
for spring-run Chinook salmon into an area not presently used to a 
significant degree by spring-run Chinook salmon.  Habitat expansion at 
Sinoro Bar and Narrows Gateway provide quantity and quality of habitat for 
spring-run Chinook salmon sufficient to achieve the HET.  The Licensees 
have proposed a segregation weir as an optional measure that could be used 
to enhance separation of the spring-run and fall-run fish, if determined 
necessary by the resource agencies (NMFS, USFWS, and DFG).  Regarding 

the juvenile rearing habitat expansion component, see responses to 
Comments FED1-47 and FED1-48. 

The Lower Yuba River is one of the most extensively studied streams in the 
Sacramento River system.  Lack of studies cannot be used as a rationale for 
inaction.   

FED1-51 

The Three-Creek Actions are not considered in the Final HEP.  See Master 
Response 2 regarding the Three-Creek Actions. 

FED1-52 

See response to Comment FED1-51. 

FED1-53 

See response to Comment FED1-51. 

FED1-54 

See response to Comment FED1-51. 

FED1-55 

See response to Comment FED1-51. 

FED1-56 

See response to Comment FED1-51. 

FED1-57 

See response to Comment FED1-51. 

FED1-58 

See response to Comment FED1-51. 

FED1-59 

See response to Comment FED1-51. 

FED1-60 

See response to Comment FED1-51. 
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FED1-61 

See response to Comment FED1-51. 

FED1-62 

See response to Comment FED1-51. 

FED1-63 

See response to Comment FED1-51. 

FED1-64 

See response to Comment FED1-51. 

FED1-65 

See response to Comment FED1-51. 

FED1-66 

See response to Comment FED1-51. 

FED1-67 

See response to Comment FED1-51. 

FED1-68 

See response to Comment FED1-51. 

FED1-69 

The Licensees did confer with NMFS and discussed the alternatives, 
including Upper Yuba River trap and transport.  One of the primary reasons 
for requesting a 6-month extension to prepare the Final HEP was to 
evaluate the Upper Yuba River Actions proposed by NMFS.  As a result, 
the Steering Committee devoted considerable attention to evaluation of the 
Upper Yuba River reintroduction proposal.  See also responses to 
Comments FED1-1, FED1-2, and FED1-3. 

The Steering Committee reviewed the science in the NMFS Draft Recovery 
Plan and found considerable support for the expansion of habitat in the 
Lower Yuba River, in addition to support for reintroduction in the Upper 
Yuba River.  Using the working definitions of the HEA criteria (found in 
Appendix F of the Final HEP), the Steering Committee rated the Lower 
Yuba River Actions higher than the Upper Yuba River Actions primarily 
due to the experimental nature of trap and transport, cost effectiveness, and 
timeliness of benefits for spring-run Chinook.  See response to Comment 
FED1-11.  See also Master Response 3 regarding the eligibility of the 
Lower Yuba River Actions. 
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Comment Letter FED2 (Kathleen Wood, U.S. Fish and Wildlife Service, February 18, 2010) 
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Comment Letter FED2 (Continued) 
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Comment Letter FED2 (Continued) 
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Responses to Letter FED2 (Kathleen Wood, U.S. Fish and Wildlife Service, February 18, 2010) 

FED2-1 

The Three-Creek Actions are not considered in the Final HEP.  See Master 
Response 2 regarding the Three-Creek Actions and Master Response 1 
regarding contribution to the HET.   

Regarding the Lower Yuba River Actions in the Draft HEP, the Steering 
Committee has obtained independent estimates from Dr. Gregory 
Pasternack on the amount of available habitat (Pasternack 2010a) and 
consulted with biologists with local expertise in the watershed to further 
refine the results of the method used in the Draft HEP.  Given the results of 
these efforts, the Licensees believe that the Lower Yuba River Actions are 
sufficient to meet the goals of the HEA, specifically the HET (Section 2.2 
of the HEA).  See Chapter 4 of the Final HEP for additional detail.  

FED2-2 

Currently, negligible spawning habitat is present in the Englebright Dam 
Reach of the Lower Yuba River.  The Englebright Dam Reach contains 
large deposits of angular shot rock (Pasternack et al 2010) due to 
construction of the dam and sloughing of material from canyon slopes in the 
vicinity of the dam.  Since construction of Englebright Dam and the 
resulting sediment entrainment, there is no opportunity for recruitment of 
the appropriate rounded alluvial gravels for spawning.  Therefore, by 
creating appropriate spawning conditions in a reach where conditions are 
prohibitive to spawning, the Licensees will be expanding usable habitat for 
spring-run Chinook salmon and steelhead. 

When the Yuba River is considered as a whole, the watershed is of adequate 
size and distance from other watersheds to support an independent 
population according to requirements specified in Lindley et al. (2004).  
Insufficient data are available to determine whether the Lower Yuba River 
alone is capable of supporting an independent population; however, the 
stated objective of the HEA is to contribute to the conservation and 
recovery of the species (Section 2.1 of the HEA), and according to NMFS 
Approval Criteria (c) to “help support establishment of a geographically 
separate, self-sustaining population” (Section 4.2.3 of the HEA).  The HEA 
is not intended to establish an independent population on its own.  The 
Licensees believe that the Lower Yuba River can support an independent 

population, defined by McElhany et al. (2000) as “any collection of one or 
more local breeding units whose population dynamics or extinction risk 
over a 100-year time period are not substantially altered by exchanges of 
individuals with other populations.” 

FED2-3 

Fish passage above Shasta and Folsom Dams is addressed in the Biological 
Opinion and Conference Opinion on the Long-Term Operations of the 
Central Valley Project and State Water Project (NMFS 2009b); fish 
passage actions involving these dams therefore are ineligible under the 
HEA. 

The Steering Committee evaluated fish passage above Englebright Dam on 
the Yuba River (i.e., the Upper Yuba River Actions) during preparation of 
the Draft HEP and in the Final HEP.  As discussed in response to Comment 
FED1-69, trap-and-transport actions were not favored primarily due to the 
experimental nature of trap and transport, cost effectiveness, and timeliness 
of benefits for spring-run Chinook salmon.  Additionally, the HEA was 
developed as an alternative to fish passage prescriptions above Oroville 
Dam on the Feather River.   

FED2-4 

It is not necessary under the HEA that the actions recommended by the 
Licensees lead to development of an independent, self-sustaining population 
of spring-run Chinook salmon.  Instead, the HEA states that the Licensees 
actions should support establishment of a geographically separate, self-
sustaining population of spring-run Chinook salmon and also support 
segregation of fall-run and spring-run Chinook salmon.   

The Licensees believe that the recommended actions do indeed support 
development of an independent spring-run Chinook salmon population 
(1) by providing sufficient quantity of habitat to support an independent 
population; (2) by providing habitat with the biological needs of spring-run 
Chinook salmon in an area not presently used to any great degree by spring-
run Chinook salmon; and (3) through the use of a segregation weir by the 
resource agencies (NMFS, USFWS, and DFG) if determined necessary to 
segregate fall-run and spring-run Chinook salmon. 
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FED2-5 

See Master Response 1 regarding contribution of the Lower Yuba River 
Actions to the HET and Chapter 2 of the Final HEP. 

FED2-6 

The HEA-recommended spawning habitat expansion actions are 
independent of, and complementary to, the Corps gravel augmentation 
project.  The spawning habitat expansion action at Sinoro Bar involves the 
removal of shot rock, replacement of the shot rock with gravel, and re-
contouring of the streambed to create new spawning habitat for spring-run 
Chinook salmon.  The spawning habitat expansion action at Narrows 
Gateway involves creation of additional spawning habitat immediately 
downstream of Sinoro Bar through removal of the armored surface layer of 
the streambed, replacement of the armored layer with gravel, and 
recontouring of the streambed.  The purpose of these two recommended 
actions is to create spawning habitat where negligible amounts currently 
exist.   

In contrast, the Corps’ gravel augmentation project is designed to provide 
an annual injection of gravel to compensate for the loss of gravel 
recruitment caused by Englebright Dam.  As described in the 
Gravel/Cobble Augmentation Implementation Plan (GAIP) for the 
Englebright Dam Reach of the Lower Yuba River, prepared for the Corps by 
Dr. Gregory Pasternack (Pasternack 2010b), and in the recent Draft 
Environmental Assessment for the Lower Yuba River Gravel Augmentation 
Project, Yuba and Nevada Counties, California (Corps 2010), the Corps’ 
project involves injection of gravel in the vicinity of the Narrows 1 
Powerhouse over the period of a few years.  Pasternack (2010b) indicates 
that implementation of the full plan is designed to erase the current deficit 
of gravel in the Englebright Dam Reach; however, rehabilitation of Sinoro 
Bar is beyond the scope of the plan.  The Corps’ project would likely create 
new spawning habitat upstream of Sinoro Bar and potentially help to sustain 
the spawning habitat created downstream by the HEA-recommended 
actions.  However, it is unlikely that the Corps’ project would create any 
new spawning habitat in the vicinity of Sinoro Bar or Narrows Gateway, 
which are the targets of the HEA-recommended actions. 

Thus, in terms of estimating contribution to the HET, there is no overlap 
between the HEA-recommended actions and the Corps’ project.  Estimates 
of contribution to the HET as presented in the Final HEP reflect 

contributions for the spawning habitat expansion actions at Sinoro Bar and 
Narrows Gateway.  Any additional contribution that could be achieved by 
the Corps’ project has not been included in these estimates. 

FED2-7 

The Battle Creek Actions are not considered in the Final HEP.  See Master 
Response 2 regarding the Three-Creek Actions. 

FED2-8 

The Battle Creek Actions are not considered in the Final HEP.  See Master 
Response 2 regarding the Three-Creek Actions. 

FED2-9 

See Master Response 4 regarding the optional segregation weir component 
of the Lower Yuba River Actions. 

Straying of hatchery fish into the Yuba River is a potential concern for any 
project in the Lower or Upper Yuba River.  In fact, NMFS has suggested 
the use of fish from the Feather River Hatchery to seed the Upper Yuba 
River as part of its proposed reintroduction program.  Straying of Feather 
River Hatchery fish into the Yuba River is a function of hatchery practices 
outside the scope of the HEA that are likely to be addressed through future 
management of the hatchery. 

FED2-10 

The Licensees are committed to follow through with operation and 
maintenance of the recommended action(s) for the term of their obligation 
under the HEA (i.e., approximately 50 years).  See response to Comment 
FED1-38 regarding access to the spawning habitat expansion sites, as well 
as successful coordination efforts with the landowners regarding access 
from their properties to these sites.   

FED2-11 

The Licensees have accepted the obligation of ensuring that actions 
implemented under the HEA are maintained over a 50-year period.  Thus, 
with the help of stream geomorphology experts, the Licensees are planning 
to design actions that take advantage of natural geomorphic processes and 
are sustainable over the long term.  Additionally, the Licensees are 
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incorporating operation and maintenance funds into the recommended 
actions to allow for maintenance activities that may be required following 
catastrophic events (e.g., channel-changing flood flows).   

The Licensees contracted with Dr. Gregory Pasternack to help evaluate and 
develop conceptual designs for the recommended spawning habitat 
expansion actions at Sinoro Bar and Narrows Gateway.  With appropriate 
design considerations, Dr. Pasternack considers these actions sustainable 
(Pasternack 2010a, 2010c).  

In relation to developing conceptual designs for juvenile rearing habitat 
expansion sites, the Licensees benefitted from the work of SYRCL and their 
contractor (cbec, inc. eco engineering) who have been evaluating concepts 
for rehabilitating the Lower Yuba River channel.  Additionally, the 
Licensees have involved experts from ICF International to develop 
conceptual designs for potential juvenile rearing sites, with sustainability 
being an important objective.  (See Appendix L for a description of the 
juvenile rearing habitat expansion sites.) 

Finally, for the optional segregation weir, the Licensees are planning to rely 
on proven designs in use elsewhere to ensure the protection and longevity 
of any facility that may be installed seasonally in the Lower Yuba River. 

FED2-12 

See Master Response 1 regarding contribution to the HET, Master 
Response 3 regarding eligibility of the Lower Yuba River Actions, Master 

Response 5 regarding mitigation for unmitigated impacts on the Feather 
River, Chapter 4 of the Final HEP, and response to Comment FED 2-2. 

FED2-13 

Increased fish passage on the Yuba River (i.e., introduction into the North 
Yuba River) has been re-examined by the Licensees.  Scoring of this action 
and rationales for each score are found in Appendix F of the Final HEP.  
The spreadsheets that were used by the Steering Committee to calculate the 
HET are posted to the HEA website (www.sac-basin-hea.com).  The reports 
with Dr. Pasternack’s estimates of the contribution to the HET for the 
habitat expansion actions at Sinoro Bar and Narrows Gateway are included 
as Appendices H and K of the Final HEP.  Additional detail on the 
calculation method used by the Steering Committee to determine 
contribution to the HET is found in Chapter 4 of the Final HEP.  All parties 
to the HEA have access to each of these resources, and each party will 
receive a copy of this Final HEP. 

FED2-14 

As documented in Appendix C, the Steering Committee consulted with the 
signatories to the HEA during development of the decision-making process.  
See responses to comments above and Chapters 2 and 4 of the Final HEP.
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Comment Letter STA1 (John McCamman, California Department of Fish and Game, February 10, 2010) 
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Comment Letter STA1 (Continued) 
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Responses to Letter STA1 (John McCamman, California Department of Fish and Game, February 10, 2010) 

STA1-1 

Comment noted. 

STA1-2 

Comment noted.  See Master Response 2 related to the Three-Creek Actions.   

STA1-3 

Comment noted.  See Master Response 2 related to the Three-Creek Actions.   

STA1-4 

See Master Response 4 related to the optional segregation weir. 
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Comment Letter LOC1 (John Waskiewicz, Yuba County Resource Conservation District, February 15, 2010) 
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Response to Letter LOC1 (John Waskiewicz, Yuba County Resource Conservation District, February 15, 2010) 

LOC1-1 

Your comment is noted in support of the Lower Yuba River Actions. 
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Comment Letter LOC2 (William J. Bennett, High Sierra Resource Conservation & Development Area, February 17, 2010) 
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Response to Letter LOC2 (William J. Bennett, High Sierra Resource Conservation & Development Area, February 17, 2010) 

LOC2-1 

Your comment is noted in support of the Lower Yuba River Actions. 
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Comment Letter LOC3 (Kelly Sackheim, KC Hyro, February 18, 2010) 
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Comment Letter LOC3 (Continued) 
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Response to Letter LOC3 (Kelly Sackheim, KC Hyro, February 18, 2010) 

LOC3-1 

Comment noted.  See Master Response 2 regarding the Three-Creek 
Actions.  Decommissioning of the Kilarc-Cow Creek Hydroelectric Project 
is outside the purview of the HEA. 
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Comment Letter LOC4 (John Waskiewicz, Yuba County Resource Conservation District, February 18, 2010) 
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Responses to Letter LOC4 (John Waskiewicz, Yuba County Resource Conservation District, February 18, 2010) 

LOC4-1 

1. Your comment is noted in support of the Lower Yuba River 
Actions. 

2. Your comment is noted in support of the Lower Yuba River 
Actions. 

3. The HEA actions in the Lower Yuba River would be fully 
funded.  The funds noted could be used by others for 
complementary actions. 

4. Comment noted.  The Stewardship Council Lands are outside the 
purview of the HEA. 

5. Comment noted. 

6. See Master Response 2 regarding the Three-Creek Actions. 
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Comment Letter NGO1 (Robert Baiocchi, California Fisheries and Water Unlimited, January 19, 2010) 
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Comment Letter NGO1 (Continued) 
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Comment Letter NGO1 (Continued) 
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Comment Letter NGO1 (Continued) 
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Responses to Letter NGO1 (Robert Baiocchi, California Fisheries and Water Unlimited, January 19, 2010) 

NGO1-1 

Comment noted. 

NGO1-2 

The HEA was developed “as an alternative to the Resource Agencies or 
other Parties seeking project specific Fish Passage prescriptions or license 
conditions in the New Project Licenses for the Licensees’ Feather River 
Hydroelectric Projects” (HEA Section 1.2).  The HEA parties (signatories 
to the HEA) agreed that satisfying the terms of the HEA “(a) fully mitigates 
for any presently unmitigated impacts due to the blockage of Fish Passage 
of all fish species caused by the Feather River Hydroelectric Projects; and 
(b) resolves among the Parties during the term of this Agreement issues 
related to regulatory conditions for Fish Passage associated with or related 
to any of the Feather River Hydroelectric Projects in excess of the action(s) 
contemplated under this Agreement [the HEA]…” (HEA Section 1.2).   

Protection, mitigation, and enhancement measures identified in the 
Settlement Agreement for Licensing of the Oroville Facilities (Oroville 
Facilities Settlement Agreement) are intended to mitigate other impacts to 
salmonid production resulting from the Oroville Facilities, FERC Project 
No. 2100 (Oroville Facilities), as outlined in Chapter 1 of the Final HEP.  
Other impacts include operations of the Feather River Hatchery.  Impacts 
related to other facilities of the State Water Project (SWP) and projects not 
part of the SWP are to be handled through other proceedings (e.g., the 
Biological and Conference Opinion on the Long-Term Operations, Criteria, 
and Plan for the Central Valley Water Project and State Water Project 
[NMFS 2009b] and other Federal Energy Regulatory Commission [FERC] 
licenses). 

The signatories to the HEA (including PG&E, DWR, NMFS, USFWS, 
DFG, the U.S. Department of Agriculture Forest Service (Forest Service), 
the State Water Contractors, Inc., and American Rivers) agreed that habitat 
to support an estimated net increase of 2,000–3,000 spring-run Chinook 
salmon within the Sacramento River Basin was an adequate threshold to 
fully mitigate any presently unmitigated impacts due to the blockage of fish 
passage caused by the Feather River Hydroelectric Projects (HEA 

Section 2.2).  (For more information on the HEA as mitigation for 
unmitigated impacts on the Feather River, refer to Master Response 5.)   

During development of the HEA, it was decided that steelhead would 
benefit from habitat expansion for spring-run Chinook salmon due to 
similarities in habitat requirements of the two species, and no threshold was 
assigned to steelhead habitat (HEA Section 2.2).  Under the HEP, the HET 
and ancillary benefits to steelhead will be accomplished via the Lower Yuba 
River Actions.  Other potential actions in streams throughout the 
Sacramento River Basin were evaluated but did not provide adequate 
habitat to achieve the goals of the HEA.  (See Appendix B in the Final HEP 
for more information on these potential actions.) 

The Licensees and other signatories to the HEA have certain responsibilities 
and obligations under the Agreement.  Unique among the signatories is 
Mr. Arthur Baggett, Jr., who signed not as a representative of the State 
Water Resources Control Board (State Water Board) but as an individual 
making a recommendation to the State Water Board.  The State Water 
Board is not a signatory to the HEA.   

Other responsibilities under the HEA include the requirement that the 
Licensees recommend actions in a Final HEP, following a 90-day comment 
period on the Draft HEP, at which time NMFS is required to approve or 
deny the plan (HEA Section 4).  The terms of the HEA are not being 
renegotiated at this time.  Once a plan is approved, the Licensees will fully 
comply with any required environmental regulations and permitting (e.g., 
California Environmental Quality Act [CEQA] and federal and State 
Endangered Species Act permits).  Protection of listed species beyond the 
actions in the approved Final HEP will be handled through other 
proceedings. 

NGO1-3 

See response to Comment NGO1-2. 

NGO1-4 

See response to Comment NGO1-2. 
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NGO1-5 

See response to Comment NGO1-2. 

NGO1-6 

See response to Comment NGO1-2. 

NGO1-7 

See response to Comment NGO1-2. 

NGO1-8 

See response to Comment NGO1-2. 

NGO1-9 

See response to Comment NGO1-2. 

NGO1-10 

See response to Comment NGO1-2. 

NGO1-11 

See response to Comment NGO1-2. 

NGO1-12 

See response to Comment NGO1-2. 

NGO1-13 

See response to Comment NGO1-2. 

NGO1-14 

See response to Comment NGO1-2. 

NGO1-15 

See response to Comment NGO1-2. 

NGO1-16 

See response to Comment NGO1-2. 

NGO1-17 

See response to Comment NGO1-2. 

NGO1-18 

See response to Comment NGO1-2. 

NGO1-19 

See response to Comment NGO1-2. 

NGO1-20 

See response to Comment NGO1-2. 

NGO1-21 

See response to Comment NGO1-2. 

NGO1-22 

See response to Comment NGO1-2. 

NGO1-23 

See response to Comment NGO1-2. 

NGO1-24 

See response to Comment NGO1-2. 

NGO1-25 

See response to Comment NGO1-2. 

NGO1-26 

See response to Comment NGO1-2. 

NGO1-27 

The HEP itself does not constitute a “project” under the guidelines of 
CEQA and the National Environmental Policy Act.  Once a final plan is 
approved, all necessary permitting and compliance documents will be 
completed by the Licensees prior to beginning implementation of any of the 
actions contained in the plan. 
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NGO1-28 

The HEA specifies that the Licensees (i.e., DWR and PG&E) are 
responsible for recommending the actions included in the Final HEP 
(Section 4).  According to the HEA, which is legally binding, NMFS is the 
approving authority, and DFG and USFWS have been consulted throughout 
the process. 

NGO1-29 

An electronic copy of the HEA was forwarded to Robert Baiocchi with 
California Fish and Water Unlimited, as requested. 

NGO1-30 

A paper copy of the Draft HEP was forwarded to Robert Baiocchi with 
California Fish and Water Unlimited.  An electronic copy of the Draft HEP 
is available on the HEA website at http://www.sac-basin-
hea.com/Draft%20Habitat%20Expansion%20Plan/Forms/AllItems.aspx. 

NGO1-31 

Minutes that were subject to the Public Records Act were forwarded to 
Robert Baiocchi, as requested. 

NGO1-32 

A teleconference number has been, and will continue to be, provided to 
signatories, stakeholders, and affected third parties, as well as other 
interested parties, at all public meetings. 

NGO1-33 

All interested parties have been added to the HEA mailing list upon their 
request.  A website is also available to the public at www.sac-basin-
hea.com. 

NGO1-34 

Accommodations compliant with the Americans with Disabilities Act of 
1990 will be provided for any future public meetings. 
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Comment Letter NGO2 (Chris Shutes, California Sportfishing Protection Alliance, January 22, 2010) 
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Comment Letter NGO2 (Continued) 
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Responses to Letter NGO2 (Chris Shutes, California Sportfishing Protection Alliance, January 22, 2010) 

NGO2-1 

As required by the HEA, the Licensees are responsible for expanding 
spawning, rearing, and adult holding habitat sufficiently to accommodate an 
estimated net increase of 2,000–3,000 spring-run Chinook salmon for 
spawning in the Sacramento River Basin.  Under the HEA, the Licensees 
are not required to mitigate all salmon and steelhead impacts upstream of 
Lake Oroville.  Additional mitigation for impacts to the Feather River is 
being addressed under other proceedings.  See Master Response 5 regarding 
mitigation for unmitigated impacts on the Feather River and response to 
Comment NGO1-2. 

NGO2-2 

See response to Comment NGO2-1. 

NGO2-3 

The HEA does not specify that priority should be given to actions in the 
Feather River watershed.  As provided for by the HEA, The Licensees’ 
evaluation and selection process has targeted the best opportunities for 
expansion of habitat for spring-run Chinook salmon and steelhead in the 
Sacramento River Basin.  See response to Comment NGO2-1. 

Following an evaluation of the Middle Fork Feather River using the same 
method as all potential actions that were assessed, the Licensees determined 
that other more cost-effective and feasible actions could achieve the HET 
(see Chapter 2 and Appendix B in the Final HEP for more information on 
the evaluation of potential actions).  In addition, the recommended actions 
would produce benefits that would be realized much sooner than a trap-and-
transport program on the Middle Fork Feather River. 

NGO2-4 

Currently, negligible spawning habitat is present in the Englebright Dam 
Reach of the Lower Yuba River.  The Englebright Dam Reach contains 
large deposits of angular shot rock (Pasternack et al. 2010) due to 
construction of the dam and sloughing of material from canyon slopes in the 
vicinity of the dam.  Since construction of Englebright Dam and the 
resulting sediment entrainment, there is no opportunity for recruitment of 

the appropriate rounded alluvial gravels for spawning.  Therefore, by 
creating appropriate spawning conditions in a reach where conditions are 
prohibitive to spawning, the Licensees will be expanding usable habitat for 
spring-run Chinook salmon and steelhead. 

NGO2-5 

See Master Response 3 regarding eligibility of the Lower Yuba River 
Actions.
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Comment Letter NGO3 (W.F. “Zeke” Grader Jr., Pacific Coast Federation of Fishermen’s Association, February 12, 2010) 
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Comment Letter NGO3 (Continued) 
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Comment Letter NGO3 (Continued) 
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Responses to Letter NGO3 (W.F. “Zeke” Grader Jr., Pacific Coast Federation of Fishermen’s Association, February 12, 
2010) 

NGO3-1 

See Master Response 5 regarding mitigation for unmitigated impacts on the 
Feather River and Master Response 3 regarding contribution to the HET. 

The Licensees are proposing actions that will expand habitat in order to 
support establishment of a self-sustaining population, as specified in the 
HEA, specifically Approval Criterion (c).  The goal of the HEA is to 
expand habitat as a contribution to the conservation and recovery of the 
species (HEA Section 2.1) rather than to specifically create a self-sustaining 
population.  Many factors that influence creation of a self-sustaining 
population are beyond the scope of the HEA. 

NGO3-2 

The HEA does not require passage projects but rather expansion of habitat 
for spring-run Chinook salmon beyond what is available at the present time 
(HEA Section 2.2).  The HEA allows a variety of measures, including 
enhancements of passage conditions, temperature and flow improvements, 
and “other physical habitat enhancements” (HEA Section 3.1).  The 
Licensees are recommending actions to expand spawning habitat for spring-
run Chinook salmon in the Lower Yuba River between Englebright Dam 
and the Narrows Pool.  This area presently receives little use by Chinook 
salmon, presumably due to habitat limitations that will be addressed by the 
actions recommended by the Licensees.  Because the project area is 
presently underutilized by Chinook salmon, the recommended Lower Yuba 
River Actions represent an expansion of habitat.   

The Licensees considered the VSP criteria and the Public Draft Recovery 
Plan for the Evolutionarily Significant Units of Sacramento River Winter-
Run Chinook Salmon and Central Valley Spring-Run Chinook Salmon and 
the Distinct Population Segment of Central Valley Steelhead (Public Draft 

Recovery Plan) (NMFS 2009a) when evaluating potential habitat expansion 
actions and believe that the recommended actions are consistent with each.  
As a result, the recommended actions received relatively high scores for 
Evaluation Criterion (j), which was largely based on meeting the four VSP 
criteria.  The actions address the VSP concept by increasing abundance and 
productivity of Central Valley spring-run Chinook salmon.  Also, by 
supporting development of a viable spring-run population, the 
recommended actions increase spatial diversity.  Finally, the Lower Yuba 
River is identified as a Core 1 Project in the NMFS Public Draft Recovery 
Plan.  For these reasons, the recommended actions are consistent with both 
the VSP concept and the Public Draft Recovery Plan. 

See Chapter 4 in the Final HEP for additional discussion of consistency 
with the VSP criteria and the NMFS Public Draft Recovery Plan. 

NGO3-3 

See response to Comment NGO 2-3. 

NGO3-4 

See Master Response 3 concerning eligibility of the Lower Yuba River 
Actions. 

NGO3-5 

The actions recommended in the HEP provide habitat with ample potential 
to meet the HET.  Evaluation of the actions relative to the HET is described 
in Chapter 4 and in Appendix N of the Final HEP.  The Draft HEP did not 
use EDT, and EDT was not mentioned in the Draft HEP.
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Comment Letter NGO4 (Glenn Nader, Yuba Watershed Protection & Fire Safe Council, February 12, 2010) 
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Response to Letter NGO4 (Glenn Nader, Yuba Watershed Protection & Fire Safe Council, February 12, 2010) 

NGO4-1 

Comment noted. 
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Comment Letter NGO5 (Terry Erlewine, State Water Contractors, February 17, 2010) 
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Responses to Letter NGO5 (Terry Erlewine, State Water Contractors, February 17, 2010) 

NGO5-1 

Comment noted. 

NGO5-2 

Comment noted.  During the 6-month extension for preparation of the Final 
HEP, the Licensees have been coordinating and consulting with NMFS in 
an attempt to resolve differing views on actions that will fulfill the HEA.  
Among other items, the Licensees and NMFS agreed to do the following 
during the 6-month extension period: 

 The Licensees will review with NMFS the methodology used to 
estimate the contributions to the HET as described in Chapter 4 and 
Appendix E of the Draft HEP. 

 The Licensees will further develop the actions recommended in the 
Draft HEP, informed by comments received; conferring with the HEA 
signatories, directly affected third parties, and other interested parties; 
and incorporating additional information that becomes available during 
the 6-month period. 

 NMFS will clarify a proposed action in the Upper Yuba River 
watershed based on new and anticipated information being developed.  
The Licensees will re-evaluate the proposed Upper Yuba River action, 
in accordance with the terms and conditions of the HEA, and determine 
whether it should be included as a recommended action. 

All of these activities have been accomplished, and their results are 
included in the Final HEP.  The Licensees will continue to work with 
NMFS and the other HEA signatories in an attempt to resolve outstanding 
issues. 
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Comment Letter NGO6 (Gary Reedy, South Yuba River Citizens League, February 18, 2010) 
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Responses to Letter NGO6 (Gary Reedy, South Yuba River Citizens League, February 18, 2010) 

NGO6-1 

The Licensees recognize the problems in the Lower Yuba River caused by 
deposition of mining debris and subsequent re-working of the tailings.  
Correction of these problems is far beyond the scope of the HEA.  The 
Licensees considered juvenile rearing habitat expansion actions below 
Highway 20 to complement actions by SYRCL and other parties to restore 
conditions in the lower Yuba River but did not include these as 
recommended actions in the Final HEP.  In the event that the optional 
segregation weir action is not approved for implementation, the Licensees 
would consider other restoration actions such as the juvenile rearing habitat 
expansion actions.  These potential actions are described in Appendix L. 

NGO6-2 

See Master Response 1 regarding contribution to the HET and Master 
Response 3 regarding eligibility of the Lower Yuba River Actions. 

NGO6-3 

As stated in the HEP, the recommended actions fully support future 
reintroduction of spring-run Chinook salmon and steelhead into the Upper 
Yuba River.  In fact, the recommended actions represent a reasonable first 
step in a reintroduction program by allowing development of a more robust 

Yuba River spring-run Chinook salmon population that represents the most 
genetically plausible source population for a reintroduction program. 

NGO6-4 

As stated elsewhere, the HEA was not developed to provide access to 
habitat above dams but rather to expand habitat for spring-run Chinook 
salmon in the Sacramento River Basin using a range of allowable types of 
actions.  The HEP recommended actions meet the HET, significantly 
expand habitat, and are not properly characterized as “marginally 
successful.”  

NGO6-5 

Comment noted.  The recommended Lower Yuba River Actions can act as a 
springboard for reintroduction of spring-run Chinook salmon above 
Englebright Dam. 
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Comment Letter NGO7 (Steve Rothert, American Rivers, February 20, 2010) 
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Comment Letter NGO7 (Continued) 
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Comment Letter NGO7 (Continued) 
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Responses to Letter NGO7 (Steve Rothert, American Rivers, February 20, 2010) 

NGO7-1 

Comment noted.  The Licensees believe that the recommended actions meet 
the terms of the HEA and would contribute to the recovery of spring-run 
Chinook salmon. 

NGO7-2 

The Steering Committee developed an objective approach for identifying, 
evaluating, and selecting habitat expansion actions under the HEA, as 
described in Chapter 3 of the Draft HEP.  Through a series of logical steps, 
Evaluation and Selection Criteria were applied to successive lists of 
potential habitat expansion actions, and each action was scored.  To 
facilitate the application of the criteria and scoring of the actions, the 
Steering Committee developed a working definition and a scoring protocol 
for each criterion.  During the process of evaluating and selecting actions, 
the Steering Committee shared the overall approach, working definitions, 
and scoring protocols with the HEA signatories and solicited comments.  
The Steering Committee took into consideration all comments received 
before completing the task of evaluating and selecting habitat expansion 
actions that were recommended in the Draft HEP.   

No actions were pre-selected, as suggested by American Rivers in their 
comment letter.  The selection process, as described in Chapter 3 of the 
Draft HEP, was followed to its conclusion before any actions were selected.  
It was the application of this objective process that resulted in the selection 
of actions recommended in the Draft HEP. 

NGO7-3 

As discussed in the response to Comment NGO6-2, the Steering Committee 
developed an objective scoring system that was applied to the potential 
habitat expansion actions.  A Technical Team (comprised of Steering 
Committee members with technical expertise in aquatic biology and 
additional selected technical experts from PG&E, DWR, and ICF) scored 
the actions based on available information and professional judgment.  
During the scoring process, each action was treated in a similar manner.  It 
should be noted that, for purposes of the Final HEP, the Technical Team 

rescored the Upper Yuba River Actions based on new information provided 
by NMFS that was not available when the Draft HEP was prepared.  (See 
Appendix F of the Final HEP for a comparison of scoring for the Upper 
Yuba River Actions during preparation of the Draft HEP and the Final 
HEP.) 

NGO7-4 

See Master Response 3 regarding eligibility of the Lower Yuba River 
Actions. 

NGO7-5 

The Three-Creek Actions are not considered in the Final HEP.  See Master 
Response 2 regarding the Three-Creek Actions.   

NGO7-6 

On May 18, 2010, the Licensees sent a letter to NMFS requesting a 6-month 
extension to complete the Final HEP.  On June 1, 2010, NMFS responded 
to the Licensees request in a letter that granted the extension.  The NMFS 
letter allows completion of the Final HEP by November 20, 2010.  The 
Steering Committee held a conference call with American Rivers (Steve 
Rothert) on July 12, 2010, to discuss the status of development of the Final 
HEP, review the next steps to be taken in order to finalize the HEP, and 
answer any questions by American Rivers. 
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Comment Letter LYRL1 (Ralph Mullican, January 21, 2010) 
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Responses to Letter LYRL1 (Ralph Mullican, January 21, 2010) 

LYRL1-1 

Comment noted. 

LYRL1-2 

Your comment is noted in support of the Lower Yuba River Actions. 
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Comment Letter LYRL2 (Letty Litchfield, February 5, 2010) 
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Response to Letter LYRL2 (Letty Litchfield, February 5, 2010) 

LYRL2-1 

Your comment is noted in support of the Lower Yuba River Actions. 
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Comment Letter LYRL3 (Kit Burton, February 12, 2010) 
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Response to Letter LYRL3 (Kit Burton, February 12, 2010) 

LYRL3-1 

Your comment is noted in support of the Lower Yuba River Actions. 

 



California Department of Water Resources and  
Pacific Gas and Electric Company 

 Response to Comments from Land Owners

 

 
Habitat Expansion Agreement 
Final Habitat Expansion Plan  

 
G-92 

November 2010

ICF 00854.08

 

Comment Letter LYRL4 (David A. Greenblatt, Western Aggregates, February 18, 2010) 
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Comment Letter LYRL4 (Continued) 
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Responses to Letter LYRL4 (David A. Greenblatt, Western Aggregates, February 18, 2010) 

LYRL4-1 

Your comment is noted in support of the Lower Yuba River Actions. 

LYRL4-2 

Your comment is noted in support of the Lower Yuba River Actions. 

LYRL4-3 

Your comment is noted in support of the Lower Yuba River Actions. 

LYRL4-4 

Comment noted.  The contact information for Western Aggregates has been 
revised as requested. 
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Introduction 
 

The Habitat Expansion Agreement for Central Valley Spring‐Run Chinook Salmon 
and California Central Valley Steelhead (HEA) seeks to expand spawning, rearing, and adult 
holding habitat for these salmonids in the Sacramento River basin.  A key goal is to 
accommodate an estimated net increase of 2,000 to 3,000 adult spawning spring‐run 
Chinoo  k salmon as compared to the habitat available under any relevant requirement or
commitment.  This goal is referred to as the Habitat Expansion Threshold (HET). 

A draft Habitat Expansion Plan (HEP) has been developed in which two different 
sets of actions are proposed to achieve the HET.  One set of actions involves rehabilitating 
the lower Yuba River (LYR) between Englebright Dam and the confluence with the Feather 
River.  Different parts of the LYR serve different salmonid species and their freshwater 
lifestages.  Spring‐run Chinook salmon (SRCS) are thought to migrate to the upstream limit 
of the accessible river at Englebright Dam and attempt to spawn there no matter what the 
conditions are.  The canyon reach between the dam and the junction with Deer Creek (Fig. 
1) is called the Englebright Dam Reach (EDR).  At present the EDR is highly impacted and 
suppor t ts few SRCS.  Further downstream, opportunities exist to enhance rearing habita
and adult SRCS migration. 

The purpose of this report is to combine available information on the EDR with 
knowledge of spawning behavior and habitat rehabilitation in the Central Valley to obtain 
the best estimate of the population of adult SRCS spawners that can be accommodated by 
rehabilitating the downstream half of the EDR in the vicinity of a feature known as Sinoro 
Bar (see cover photo).  In support of the estimate, a summary of the current status of the 
EDR is provided.  Then key opportunities and constraints for rehabilitating the area are 
iscussed.  Finally, a set of specific estimates is provided based on different assumptions 
bout the project area and SRCS occurrence and behavior in the Central Valley. 
d
a
 
 
C
 
urrent Status 

EDR Fluvial Geomorphology 
 
Based on a topographic map produced in 2007 (surveyed 2005‐2007) with joint 

funding from the USFWS and the Yuba Accord River Management Team (RMT), the EDR is a 
relatively straight bedrock canyon with a veneer of “shot rock” debris (Fig. 2).  Shot rock is 
irregular‐shaped angular cobbles and boulders blasted or eroded from surrounding 
hillsides.  In the EDR, shot rock was generated and spread by two distinct processes: rock 
excavatio r n during the construction of Englebright Dam and hillside scouring during majo
floods.  The EDR is also influenced by a backwater effect imposed by Deer Creek. 

There are three shot rock deposits in the EDR.  The largest is a mixture of angular 
cobbles and boulders deposited as a point bar on the inside of a gentle canyon meander 
bend upstream of the junction with Deer Creek on river right (i.e. the north bank).  This 
point bar has recently been named Sinoro Bar to symbolize the lack of gold expected in it 
(Fig. 2).  Sinoro Bar is located just upstream of the historic gold mining camp known as 
Malay Camp.  Malay Camp was situated across the river from Lander’s Bar, a historic site of 
placer gold mining on the south bank that pre‐dates hydraulic mining and no longer exists. 



Figure 1. Location map of the Englebright Dam Reach (black box) in the Yuba catchment. 

 
 

There are two notable geometric aspects to the shape of the EDR in the vicinity of 
Sinoro Bar.  First, the width of the canyon walls (at the vertical boundary between the 
vegetated, soil‐mantled hillside and the exposed bedrock) increases from 79‐161.5 m (260‐
530’) through the downstream half of the EDR.  Second, over this same domain, the water 
surface elevation drops a significant height of 1.57 m (5.14’).  A lot of the elevation loss 
occurs abruptly at a rapid formed at a significant channel constriction (Fig. 3, top image, 
green to orange color change).  The USGS gaging station is located just upstream of this 
constriction, so the constriction acts as the hydraulic control for the gaging station.  
Velocit  ies in the potential rehabilitation area presently range from 0‐7 ft/s due to local flow
constrictions and expansions (Fig. 3). 

Pasternack et al. (2010) analyzed the physical geography of the EDR with a focus on 
the history and status of Sinoro Bar.  No EDR aerial imagery pre‐dates hydraulic mining, 
but the history of gold mining at a site in the vicinity called Landers Bar confirms that 
alluvium existed in the canyon.   Historical photos from 1909 and thereafter show that 
hydraulic mining debris formed deep alluvial deposits, including multiple gravel‐bedded 
riffles.  Based on the size and shape of the riffles evident in the imagery, they would have 
provided Chinook salmon spawning habitat. Therefore, there is historical evidence to 
suppor
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t rehabilitating the EDR to provide the physical processes and morphologies 
associated with SRCS physical habitat. 

A key conclusion of Pasternack et al. (2010) was that mechanized gold mining on 
Sinoro Bar (beginning circa 1960) was responsible for degrading SRCS habitat.  Prior to 
mechanized mining, glide‐riffle transitions were gradual, enabling fish to select among a 
diverse range of local hydraulic conditions.  Bulldozer debris constricted the channel 
significantly, induced abrupt hydraulic transitioning, and caused the main riffle at the apex 
of the bar to degrade into a chute unsuitable for SRCS spawning.  In addition, mining 
operations evacuated the majority of alluvium at the mouth of Deer Creek, destroying what 
was likely a hotspot for biological productivity and SRCS spawning.  Although shot rock  



Figure 2. Topographic map of the Englebright Dam Rach of the lower Yuba River.  The 
otential rehabilitation area is delineated by a polygon with an orange‐dot fill, while the 
rea of Sinoro Bar is delineated by a polygon with grey diagonal lines. 
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igure 3. 2D hydraulic model results for 1600 cfs released into the EDR. F
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associated with Englebright Dam construction and hillside‐scouring around the dam during 
the largest historical floods contributed to the problems at Sinoro Bar, the impact of 
mechan ght Dam ized instream mining was significantly greater than the impact of Englebri
on changing the structure of SRCS physical habitat in the vicinity of Sinoro Bar. 

Pasternack et al. (2010) used topographic mapping and bedrock elevation 
assumptions to estimate that Sinoro Bar has an alluvial volume of 128,940 m3 (168,650 
yds3).  Fill depth was estimated to range between 0‐12.1 m (0‐30.7 ft).  Test excavations 
could be performed to improve this volume estimate.  They could also assess any value of 
the geologic materials present there. 

 
LYR and EDR Salmonid Populations 
 

There are no quantitative estimates for pristine, historic salmonid populations on 
the Yuba River prior to hydraulic gold mining, but Yoshiyama et al. (1996) reported 
historic accounts suggesting large populations.  For example, they cite Chamberlain and 
Wells (1879) as stating that the Yuba was so full of salmon that Indians speared them “by 
the hundred”.  However, during hydraulic gold mining much water was diverted away and 
the river valley was allowed to fill 20‐80’ high with mine tailings.  A first‐hand account of a 
miner at Long Bar on the LYR stated that the miner’s diet primarily consisted of pancakes 
and there is no mention of fish at all (Lecouvreur, 1906).  Even still, Yoshiyama et al. (1996) 
reported accounts of the construction of Bullards Bar Dam in 1921‐1924 in which it was 
stated that so many salmon were blocked at the construction location that their carcasses 
had to be burned.  SRCS and steelhead both were known to migrate far up into the North 
and Middle Yuba Rivers and several miles up into the South Yuba before reaching 
potentially impassable waterfalls.  However, much of the spawning habitat in the upper 
watershed was badly degraded by mining debris, sand, and turbidity.  If the SRCS 
population was in the hundreds of thousands of fish, then the riffles in the EDR during the 
mining era and early 20th century would likely have been used by such a large population.  
However, relative to the total abundance, this number of fish spawning in the EDR may not 
have dr ting awn the attention of naturalists at the time, especially given the difficulty of get
to that area. 

During the latter half of the 20th century, salmonid populations were estimated 
quantitatively (Fig. 4), but it is still difficult to isolate SRCS numbers.  Yoshiyama et al. 
(1996) cite several estimates of the fall‐run Chinook salmon population, but provide no 
enumeration of SRCS.  They cite John Nelson as reporting that fall‐ and spring‐run 
populations are mixed and that these mixed fish are now present in “minimal numbers”.  
Table 2 of CDFG (1991) enumerates the annual estimate of fall‐run Chinook salmon, with a 
range of 1000 in 1957 to 39,000 in 1982.  For the SRCS, CDFG (1991) states that a remnant 
population exists and that it is composed of some in‐river natural reproduction, strays 
from the Feather River, and restocked, hatchery‐reared fish.  Restocking of fingerlings and 
yearlings was done in 1980.  CDFG (1991) reported that 20 pairs of Chinook salmon were 
observed to spawn at the Narrows powerhouse in autumn 1986 and due to passage 
barriers in the autumn, it was decided that these were SRCS that migrated during high 
spring flows.  CDFG stopped conducting annual escapement surveys in 1989.  No survey 
was done in 1990.  The Yuba County Water Agency (YCWA) sponsored Jones and Stokes, 
Inc. to perform escapement surveys using the CDFG methodology for 1991‐2004.  For 



2005‐2007 CDFG took over the effort again, but beginning in 2008 the responsibility 
shifted to the RMT as part of its new Monitoring and Evaluation Plan.  The RMT’s 2008 
escapement and redd reports used temporal modalities associated with fresh carcass 
observations and frequencies of redd observations to try to differentiate spring‐ and fall‐
run Chinook salmon.  However, it was not possible to obtain a clear distinction and all data 
were analyzed together.  In all of these modern enumerations, abundance estimates did not 
isolate SRCS or the subpopulation of all Chinook in the EDR; carcass counts were not made 
in the EDR due to challenging accessibility.  

 
 

Figure 4. Adult Chinook salmon abundance for the LYR based on carcass surveys and 
coded‐wire tagging. 

 
 
 
For March 2007 through February 2008, the RMT operated a Vaki RiverWatcher 

video monitoring system on both fish ladders at Daguerre Point Dam (~12 miles 
downstream of the EDR).  This system scans the side‐view projected area of each fish and 
takes a color photo of each fish.  From these data, staff counts the number of fish that pass 
and use characteristic morphometrics to identify the species of each fish (for ~70% of 
individ st, 

  6

uals).  Of the 1,324 Chinook that were observed, 336 (25%) passed in March‐Augu
which is the period that SRCS likely migrate. 

Adult SRCS have been observed holding in pools in the EDR.  Acoustic tracking of 
adult SRCS in 2009 by the RMT showed that some individuals migrate into and out of the 
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reach until September at which point they stop migrating and attempt to spawn.  In 
September 2007, UC Davis graduate student Aaron Fulton observed SRCS attempting to dig 
redds and spawn on bedrock covered with a thin veneer of angular gravel, causing them 
injury.  Fulton (2008) investigated salmon spawning habitat conditions in the EDR and 
found the conditions to be very poor to nonexistent. 

In November 2007, the U.S. Army Corps of Engineers (USACE) injected 450 metric 
tons of gravel/cobble into the Narrows II pool below Englebright Dam.  Flows in winter and 
spring 2008 were too low to move the sediment out of the pool.  In March and May 2009, 
there were two moderate floods that overtopped Englebright Dam and caused a short re‐
distribution of gravel into suitable depths and velocities for spawning.  A report on this is 
available from the USACE.  Preliminary observations of Chinook salmon redds in 2009‐
2010 by the RMT found that 120 redds were located in the EDR between September 7, 
2009 and February 22, 2010.  This response to limited gravel injection indicates that if 
more spawning habitat was present, a population of SRCS could be accommodated. 
 
 
Rehabilitation Concepts 
 

The goal of this report is to provide an estimate of the number of SRCS individuals 
that rehabilitating Sinoro Bar could support.  There are many ways to calculate such an 
estimate.  Ultimately, the actual population of supported fish is going to depend on exactly 
how habitat is created and how many SRCS adults enter the LYR.  As a result, it is necessary 
to spend some time characterizing the opportunities and constraints of what the project 
would look like, based on lessons of other similar projects. 

One mistaken notion that some people have is that gravel may be placed anywhere 
in a degraded spawning area and the adult salmonids will spawn at random over the 
suitable substrates, regardless of the suitability of the hydraulic and cover conditions.  This 
line of thinking has led to worries about unusual substrate aspects, such as the “smell” of 
gravel.  Spawning studies and gravel placement experiments on the Mokelumne, Yuba, and 
Trinity Rivers in California refute these notions.  Elkins et al. (2007) reported that fall‐run 
Chinook spawners occurred in lower quality hydraulic habitats prior to river rehabilitation, 
but they still did not spawn on gravels with depth and velocities outside the range of their 
depth and velocity habitat suitability curves.  On the Trinity River below Lewiston Dam, 
when gravel was placed throughout the reach according to a designed pattern, spawners 
avoided building redds in fresh gravels in areas where the depths and velocities were 
outside the ranges of the habitat suitability curves.  Gravel is placed in such locations to 
achieve geomorphic objectives and to serve different salmonid species’ lifestages.  On the 
LYR, Pasternack (2008) reported that spawners avoided areas with gravel present, but 
unsuitable hydraulics.  Dr. Hamish Moir and Prof. Greg Pasternack also observed Chinook 
salmon spawning in a deep pile of brightly colored blue gravels that were painted and 
installed into the bed in an area with high‐quality hydraulics for a tracer experiment‐ 
suggesting that if hydraulics are high‐quality, then “smell” is not a deterrent.  Also, the 
gravels placed on the Trinity below Lewiston Dam came from out of basin and the fish 
spawned in it very intensively anyway, again suggesting that fish do not dislike the “smell” 
of out‐of‐basin gravels.  It is likely that reports of statistical analyses of the effects of gravel 
“smell” are not accounting for other relevant variables in explaining habitat utilization. As a 
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result, a project at Sinoro Bar is not just a matter of pouring gravel to create a big flat riffle; 
some thought should go into the structure of rehabilitated area to maximize SRCS 
spawning potential. 

Wheaton et al. (2004) and Elkins et al. (2007) lay out a peer‐reviewed framework 
for river rehabilitation below dams on regulated gravel‐bed rivers (see 
http://shira.lawrucdavis.edu).  The framework is called the Spawning Habitat Integrated 
Rehabilitation Approach (SHIRA).  SHIRA has “spawning habitat” in its name based on the 
ecological concept of indicator species and its applicability to anadromous fishes (Willson 
and Halupka, 1995).  The concept suggests that there are a few ecologically iconic activities 
whose abundance, productivity, and/or behavior is an indicator of ecosystem condition.  
For example, salmonid fisheries experts differ in their view as to what species and lifestage 
of organism is most limiting for each population’s recovery, but agree that evaluating 
rearing lifestages is much more difficult and costly than evaluating the spawning lifestage‐ 
redds are discrete physical structures that can be readily mapped.  Also, several studies of 
spawning habitat rehabilitation projects on the lower Mokelumne River have found that 
improving spawning habitat yields associated benefits to physico‐chemical conditions in 
gravels (Merz and Setka, 2004), embryo incubation and emergence to fry (Merz et al., 
2004), macroinvertebrate abundance and diversity (Merz and Ochikubo Chan, 2005), 
streamwood recruitment (for structural shade and cover), and channel‐floodplain 
connectivity (that provides access to excellent rearing habitat).  SHIRA advocates 
comprehensive pre‐project assessment, planning and design phases followed by 
construction, post‐project assessment, monitoring and hopefully adaptive management. 
During ze  each of seven phases, four primary modes are used iteratively to collect and analy
data on which flexible and informed decisions can be based (Wheaton et al., 2004). 

Based on lessons learned in applying SHIRA to the Mokelumne, Trinity, American, 
Feather, and Yuba Rivers, there are some important opportunities and constraints that 
should guide the conceptual design for Sinoro Bar and should be reflected in SRCS 
population estimates. 

First, the domain of consideration for river rehabilitation should not be limited to 
the area of Sinoro Bar itself, but should go from the hydraulic constriction farther upstream 
to the end of Sinoro Bar (Fig. 2).  The main reason for using this larger domain is that the 
rehabilitated area needs to have much more kinetic energy than is presently available at 
Sinoro Bar itself.  The majority of the available energy is spent at the upstream rapid.  
There is a step just downstream of the bar that also uses some of the available energy. 
There is no way around making use of the energy spent in these two bounding steps to 
rehabilitate SRCS habitat, and the more one uses, the better habitat can be achieved.  
However, the area of potential rehabilitation should not be filled up with so much gravel as 
to back water up above the existing upstream constriction during flows of less than ~2,000 
cfs.  This will preserve the current USGS gaging station rating curve for low flows and 
minimize any other negative impacts on upstream habitat that will be created by future 
USACE gravel augmentation efforts. 

Second, Elkins et al. (2007) reported that the best quality Chinook spawning habitat 
on the lower Mokelumne required a local riffle‐to‐riffle slope of ~0.004 (0.4 %).  A similar 
value was found for the Trinity River, which has a similar size and spawning discharge.  
The EDR has more than double the spawning season discharge as the Mokelumne and 
Trinity Rivers, but that is offset according to mass conservation by having double the width, 
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so velocities should be roughly similar for the same slope.  For the EDR, the centerline 
length of the potential rehabilitation area between the upstream and downstream 
confining bed steps (Fig. 2) is ~2,130’.  Given an upstream available elevation of 5.14’ (Fig. 
5, left photo), the site‐averaged available slope is 0.2%.  The height of the downstream step 
(Fig. 5, right photo) is unknown, but if it were at least ~1.3’, then incorporating that 
amount into the design would yield a site‐averaged available slope of 0.3%.  It is possible 
that 0.3% is enough to yield good SRCS spawning habitat throughout the whole project 
area.  To have one or more riffles with 0.4% slope for SRCS spawning habitat in the project 
area, then pool habitat could be incorporated for 158.5 m (520’), leaving 490.7 m (1,610’) 
of spawning riffles.  Incorporating 1‐2 pools would provide holding habitat, and with the 
addition of boulders and streamwood, there would be adult spawner refugia in proximity 
to redd construction points and juvenile habitat.  This analysis reveals that different SRCS 
spawning estimates are possible depending on the area that is assumed available for 
spawning.  The highest estimate assumes the whole area is suitable habitat with a slope of 
0.3 %, which is possible.  An intermediate estimate accounts for having some pools for 
adult holding in the project domain, leaving optimal riffle habitat with a slope of 0.4%.  A 
conservative estimate reserves an additional 20% of the area for glides, backwaters, and 
other mesohabitats that are not used for spawning. 

Third, it appears that Sinoro Bar takes the form of a “point bar” (see cover photo), 
which is a sedimentary deposit that forms on the inside of a meander bend.  There is 
definitely a gentle meander in the canyon at this location.  As a result, the first instinct of a 
project designer might be to build the rehabilitated site as a point bar as well.  This would 
severely restrict the amount of SRCS habitat that could be gained from the project.  There 
are several lines of evidence that suggest that designing the site to remain a point bar 
would be an unnecessary mistake.  First, White (2008) analyzed the historical (1937‐2006) 
pattern of riffles and pools in Timbuctoo Bend downstream of the EDR on the LYR and 
found that only one out of eight persistent riffles was associated with the pattern of valley 
and channel meandering (Fig. 6).  Some long‐persistent riffles occur right in the middle of a 
meander where standard theory predicts a deep pool and point bar should be located.  The 
reason why meandering was not important was due to the presence of longitudinally 
undulating valley walls.  During floods, these undulating walls appear to cause a 
hydrogeomorphic mechanism known as “flow convergence routing” (MacWilliams et al, 
2006).  In essence, this mechanism involves the funneling of water like a jet through 
constricted parts of the valley and spreading it out in expansive areas.  The locations of 
such constrictions are stage‐dependent, but during floods it is undulations in the valley 
walls that drive where pools cut down fast and riffles grow or just cut down slower.  
Sawyer et al. (2010) and Pasternack (2008) demonstrated the occurrence of flow 
convergence routing for the pool‐riffle‐run sequence at the apex of Timbuctoo Bend.  
Pasternack (2008) demonstrated the absence of riffle sustainability in the upper half of the 
EDR due to canyon width undulations being in phase with bedrock bed undulations.  The 
upshot is that for a wandering gravel‐bed river like the lower Yuba River, wall undulations 
and flow convergence routing outweigh meandering as the primary control on riffle 
location and persistence.  Thus, it is not necessary to assume that a large amount of area 
has to be used to form a point bar and thus not serve as SRCS habitat.  Instead, Wheaton et 
al. (2010) demonstrated that flow convergence routing can be built into a site to insure 
riffle‐pool sustainability. 



Figure 5. Upstream (left) and downstream (right) rapids bounding the potential 
rehabilitation area.  Redistribution of the elevation loss at these two locations provides the 
rimary mechanism for obtaining optimal velocities for SRCS spawning throughout the 
roject area. 
p
p
 

 
 
 
 

Figure 6. Illustration of the connection between a) valley width and slope‐subtracted 
longitudinal profiles for b) 1999 and c) 2006. Horizontal bars show the positional area of 
each persistent riffle location, vertical arrows show points of greatest valley width for each 
oscillatory cycle, open circle is location of persistent crest 8 at the head of the valley, X 
denotes a large oscillation with no persistent riffle crest, and numbers are the identifiers 
for each persistent riffle crest (1984‐2006). 
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Fourth, the situation at Sinoro Bar is further confounded by the role of Deer Creek, 
which enters the LYR at an almost perpendicular angle right below Sinoro Bar.  Flood water 

tions from Deer Creek can cause a strong backwater effect and work with valley wall undula
and local bedrock constrictions to promote deposition at Sinoro Bar.  However, that only  
works if flows out of the two rivers are synchronous.  Floods out of the smaller, lower‐
elevation Deer Creek are rain‐driven and thus rise and fall quickly.  Floods out of the Yuba 
catchment can be rain‐driven or rain‐on‐snow events.  The former are slower to develop 
than those on Deer Creek and tend to peak afterwards, out of phase.  That limits the ability 
of Deer Creek to provide a significant backwater effect.  During rain‐on‐snow events, warm 
rain appears to simultaneously produce floods on both rivers, enabling the backwater 
effect to promote deposition.  Based on historical events, if no action is taken to mitigate 
shot rock generation at Englebright Dam and if no design elements account for the 
backwater effect of Deer Creek, then rehabilitated conditions at Sinoro Bar could be short‐
lived.  As with the meandering factor, consideration of flow convergence routing should 
help yie itat ld a design to alleviate the problem, but that could come at the cost of some hab
area to serve this geomorphic purpose. 

Fifth, there is no water temperature or water quality limitation in the EDR that 
would diminish spawning activity or jeopardize embryo development. 

Overall, the above considerations suggest that there is a large area available for 
river rehabilitation in the vicinity of Sinoro Bar in support of a sizable SRCS population.  
There is a sufficient river elevation range to provide the necessary kinetic energy for 
excellent riffle habitat.  There is sufficient canyon width to enable a range of options for 
ontrolling riffle‐pool sustainability.  Other factors, including channel meandering and a 
ributary junction can be managed without large loss of potential riffle area. 
c
t
 
 
Redd Estimates 
 

There is no single correct method for predicting what the SRCS population 
supportable by a rehabilitation project at Sinoro Bar would be at this stage of design 
development.  Choices in the design process can enhance or detract from estimates.  The 
approach used here is to evaluate the relation between site conditions and redd 
occurrence, and then relate redd occurrence to the supportable SRCS adult population.  
Making an estimate of the number of redds to occur in a channel area comes down to 
picking two things: redd density (sum of occupied and unoccupied channel surface area 
(m2) per redd) and area of riffle habitat.  In this section, I provide a table with 18 different 
redd oc area currence estimates using six different redd density and three different channel 
estimates. 

Redd density requires an estimate of individual redd size and unoccupied area, 
which were estimated together using six different approaches.  In all estimates, the only 
available information on redd size and density was for all runs of Chinook, not just spring‐
run.  Four estimates were based on observations of redd size in an index area near the 
upper end of Timbuctoo Bend in the LYR during almost‐daily observations in autumn 2008 
by the RMT.  According to their measurements of 180 Chinook redds, the mean redd size 
was 5.55 m2.  They found that the mean plus one standard deviation was 8.60 m2.  The 
maximum size observed was 14.18 m2.  In comparison, Gallagher and Gallagher (2005) 
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found the average Chinook redd to be 6.72 m2 for several coastal streams in northern 
California.  To go with these measurements, one can assume a redd density of 1 redd per 
each redd‐sized area of the bed.  This assumes complete coverage of the bed with redds 
and no superimposition.  In fact, in the index‐site study on the LYR there were unused 
areas around redds; however, there were also as many as 8 redds per redd area in some 
places, due to superimposition.  Those confounding factors are hard to explicitly account 
for.  If one were to assume an equal area of occupied and unoccupied space, then that 
would yield a redd density of 11.1 m2 per redd.  Increasing unoccupied space to a 2:1 ratio 
against occupied space yields a redd density of 16.65 m2 per redd.  Redd area also 
correlated directly with water depth in the index‐area study, but without knowing the 
eventu  be al depth‐distribution of the rehabilitation site, this additional information cannot
applied; it might be useful in design evaluations at a later time. 

Another way of estimating the likely density of redds is to take advantage of the 
experience at a similar site after rehabilitation.  The lower Mokelumne River below 
Camanche Dam provides this opportunity (Fig. 7).  However, there is a constraint on using 
this site in that the Mokelumne hatchery consumes a large percentage of potential 
spawners that enter the rehabilitated spawning habitat each year.  In 2004, 91% of 
spawners were taken, which is typical (Elkins et al., 2007).  As it turns out, 2005 was a 
banner year for escapement and it was a year in which an agreement was implemented for 
the hatchery to reduce its take.  Their final take was only 36% of escapement.  As a result, 
10,406 spawners made use of the in‐river spawning habitat, of which 31.9 % chose to 
spawn on any one of several rehabilitated riffles.  Looking at the riffle that had been the 
focus of habitat expansion and rehabilitation that summer, there were 241 redds observed 
in weekly surveys by EBMUD in autumn 2005.  The area of the spawned over site was 
4,401 m2.  That yields a redd density of 18.3 m2 per redd.  The only problem with this 
estimate, is that it does not account for superimposition, and in a year with as many 
spawners as were present in such a small area, superimposition was highly likely.  If an 
assumption is made that there was 10% additional redds that were missed due to 
superimposition, then that would yield a redd area of 16.60 m2.  That is very similar to the 
estimat  e of redd density from the LYR index site using an unoccupied:occupied area ratio
of 2:1. 

To estimate the area of riffle habitat that could be created for spawning at Sinoro 
Bar, three different calculations were made.  First, the total potential rehabilitation area 
was estimated.  This was done by drawing a polygon around the area in a Geographical 
Information System (Fig. 2) and using GIS to calculate the area of the polygon, which was 
found to be 46,486 m2.  Using this area assumes that the entire project area will be 
spawnable riffle habitat.  Given a large spawner population, a higher than expected 
available slope, better velocities than anticipated for the expected slope, and aided by wood 
and boulder placements that give resting refugia and structural diversity, such a high value 
for spawnable habitat might be obtained; it is unlikely to be so high, but it is not beyond 
consideration. 

Second, this area was divided by the centerline length of 650 m to obtain an average 
width of 71.5 m.  Earlier it was stated that if a suitable length of the area was set aside for 
pools, then an optimal 0.4% slope could be achieved for 490.7 m of river length.  
Multiplying (490.7*71.5) yields 35,090 m2 of riffle habitat of optimal slope. 



Figure 7. 2005 Chinook Redds on one rehabilitated riffle on the lower Mokelumne River in 
the spawning season immediately after rehabilitation, which happened to be a year with a 
high escapement and low hatchery take. Top aerial image shows context of site adjacent to 
hatchery in a width‐constricted channel. Bottom image shows an overlay of individually 
mapped redds on the area of riffle spawning. 

 
 
 

Finally, a conservative estimate was made by holding back an additional 20% of the 
remain
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ing riffle area for other geomorphic and habitat goals.  That yielded a low estimate 
of spawnable area of 28,072 m2. 

The estimated numbers of redds produced under all combinations of redd density 
and spawnable habitat area are provided in Table 1.  The range of estimated SRCS redds 
supported is 1534‐8376.  A tighter range could be estimated by using the LYR index site’s 
mean redd size with an equal unoccupied area coupled with a rehabilitation area that 
excludes design pools, with and without an additional reserve.  That range is 2529‐3161.  
Perhaps a 10% area reserve (60x60 m2) would be sufficient, yielding a middle ground 
estimate of 2,845 redds.



Table 1.  Estimated Number of Redds Produced for Sinoro Bar Using Different Sets of 
Assumptions. 

 
 
 
Adult SRCS Abundance Estimate 
 

Knowing the number of redds likely to occur in the rehabilitated area enables an 
estimate of the likely adult SRCS supported by the project.  The key variable to enable the 
calculation is the number of adults per redd.  By some accounts, an individual female can 
create 1‐3 redds during her spawning period.  Meanwhile, the eggs in an individual redd 
may be fertilized by 1‐3 adult males.  These numbers are offsetting.  In 2006 and 2008, LYR 
escapement and redd surveys were done to characterize the reach‐stratified distribution of 
spawners.  For the 2006 surveys, 1906 Chinook adults were estimated to occur upstream of 
Highway 20 bridge and 469 redds were observed in that area.  The numbers for 2008 were 
1849 and 473, respectively.  These yield spawner:redd ratios of 3.9:1 and 4.1:1, with a 
mean of 4.0:1.  Applying this observation‐based ratio of 4:1 to the redd estimates yields a 
range of adult SRCS supported by the project of 6,136‐33,504, with the most reasonable 
estimates ranging from 10,116­12,644.   A more conservative approach would be to apply 
a 2:1 ratio (the minimum required to have fertilized embryos produced), which yields the 
most reasonable estimates ranging from 5,058‐6,322.  Applying the conservative spawner 
atio and the most conservative redd abundance estimate yields the minimum adult SRCS 
upported estimate of 3,068. 
r
s
 
 
Accoun
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ting For Regional Limiting Factors 
 

Based on the annual escapement surveys for 1953‐2008 cited earlier, the average 
number of adult Chinook spawners of all runs in the LYR averaged 14,249, with a maximum 
estimate of 39,000.  Yet the analysis performed in this report suggests that EDR alone could 
support no less than 3,068 and more likely 10,116‐12,644 SRCS adults, with a maximum 
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potential population as high as 33,504.  The reason why the project can support so many 
fish is that the lower half of the EDR is actually a large section of river with a moderate 
slope and relatively high width.  Historically there were likely hundreds of thousands of 
Chinook spawning in the Yuba, and even 33,504 would have been perhaps just 10% of that 
total ru arge, n.  Thus, relative to current conditions the project’s results seem surprisingly l
but relative to historical conditions it is likely still small. 

Since 1953 (56 years), there have only been 14 years when the LYR’s Chinook 
escapement has exceeded 20,000 and just 5 years when it has exceeded 30,000.  Without 
going into a detailed “limiting factors” analysis, it is evident that the quantity and quality of 
freshwater habitats is not the only factor constraining population size.  For example, the 
sharp decline in salmonid populations throughout the Central Valley for the last few years 
is a systemic phenomenon that has been tentatively linked to oceanic conditions.  
Therefore, it would be helpful to provide another way of estimating what the SRCS 
population would be in light of existing constraints beyond habitat conditions.  To begin 
this analysis, assume that the maximum Chinook salmon population size likely to occur 
under the existing suite of limiting factors is 40,000, which is slightly bigger than the 
roughly estimated 39,000 reported for 1982.  Also, in the absence of any other 
characterization, assume that the 2006 mesohabitat distribution and spawning habitat 
electivity (i.e., forage ratios) reported for Timbuctoo Bend by Pasternack (2008) hold for 
the whole LYR (Table 2); specifically, that 69% of Chinook salmon preferentially use riffles 
for spawning and that riffles account for 18% of the total channel area.  Also, recall that the 
otal length of the LYR is 38 km.  Using these values, the following calculation provides an 
stim e: 
t
e ate of spawning density in riffles for the maximum Chinook salmon population siz

[0
 

.69*40000] / [0.18*38] = 4,035 Chinook spawners per km of riffles on the LYR 
 

Assuming the same spawning density for the proposed 0.49‐0.65 km of riffle habitat 
created under the EDR rehabilitation project, an estimated 1,977 to 2,623 [0.49*4,035 to 
0.65*4,035] Chinook salmon could be supported in the proposed project area under the 
existing conditions that regionally constrain Central Valley populations of all Chinook runs. 

Considering the assumptions above, probably the most uncertain one is the percent 
of area for the whole LYR that is riffles.  Timbuctoo Bend has a steeper slope and thus likely 
more riffle length than the rest of the river downstream.  If the actual areal percent of 
riffles in the entire LYR was half the value for Timbuctoo Bend (9%), then the number of 
Chinook per km would double to 8,070, and the range of Chinook likely to be supported by 
the project would also double to 3,954 to 5,246.  So the calculation has uncertainty.  The 
actual area of riffle habitat will be determined by the RMT under its Monitoring and 
Evaluation Plan in the near future. 

The important point about this computation is that it has nothing to do with the 
local physico‐chemical potential of the project area to support SRCS and instead considers 
the larger problem of regional limiting factors on population size to get at the likely amount 
f individual Chinook salmon served by the site. o

 
 



Table 2. Timbuctoo Bend Mesohabitat Availability and Utilization (from Pasternack 2008) 

 
 
 
Other Design Considerations 

 
A common concern with spawning habitat rehabilitation is that project designs are 

not natural and may be destroyed quickly.  There is an environmental, psychological 
mindset that suggests that it is not possible for designers to get it right.  So far, evidence 
from the lower Mokelumne River refutes that (Elkins et al., 2007; Wheaton et al., 2010).  
For the EDR, the historical deposition of mining debris and shot rock at Sinoro Bar proves 
that the site is naturally depositional and could yield sustainable riffle habitat in the face of 
large Yuba floods.  If the USACE takes actions to reduce hillside erosion and shot rock 
ransport as well as to inject gravels into the Narrows II pool annually, then floods could 
ustain the HEA rehabilitated area, not destroy it.  
t
s
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Habitat Expansion Agreement 

for 

Central Valley Spring‐Run Chinook Salmon and  
California Central Valley Steelhead 

Questionnaire Instructions 
The attached questionnaire is intended to solicit information needed by the Steering Committee to review projects 
relative to the criteria established in the Habitat Expansion Agreement.  For each proposed action (project), please 
complete the questionnaire to the fullest extent possible.  Please provide citations where applicable and provide a 
full reference for each citation at the end of this questionnaire (Section X.  Supporting Documents).  Specific 
instructions follow. 

I.  Contact Information 
Provide the name of the agency or group making the proposal as well as a contact person for the project.  Include 
contact information such as mailing address, phone number, and email address. 

II.  Project Description 
Provide a descriptive name for the action (project).  If the action is listed in the Working List of Potential Habitat 
Expansion Actions (provided during the January 2009 meetings of HEA parties), please include the reference 
number associated with the action.  The project location should specify the watershed or subwatershed (e.g., Deer 
Creek, Beegum Creek) as well as specific areas within the watershed where the project will be located and what 
portions of the watershed will benefit from the project.  Please include geographic coordinates of the project 
location(s), if applicable.  The project description should be a narrative that provides as much detail as possible 
about the project. 

III.  Species Limiting Factors 
In this section, indicate the factors that currently limit production of spring-run Chinook salmon and/or steelhead in 
your watershed.  The intent is that the environmental and biological objectives of your project address these limiting 
factors in some way.  Please check one or more of the limiting factors that apply to your watershed.  In the second 
column, describe how and where the factor limits spring-run Chinook salmon and/or steelhead.  For each factor that 
you check, please rank its effect on spring-run Chinook salmon and/or steelhead using the drop-down box in the last 
column.  Finally, we also ask that you describe the source of your conclusions, such as a watershed assessment or 
other document.  Please provide enough information that we can find the document if we need it. 

IV.  Project Objectives—Environmental  
Environmental objectives describe how the project is intended to address the limiting factors to achieve the 
biological objective described in the next section.  Environmental objectives should be as specific and quantitative 
as possible (e.g., reduce gravel embeddedness in the watershed from 75% to 25% by fencing riparian areas to 
exclude cattle and allow riparian forest to reestablish).  Describe how you think environmental objectives relate 
specifically to the biological objectives.  In the last column, we ask you to describe the environmental objectives as 
either the primary or secondary focus of the project.  For example, a project to plant trees might have a primary 
focus on riparian/floodplain function with a secondary focus on temperature or water quality. 
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V.  Project Objectives—Biological  
Biological objectives describe the anticipated biological response from the project and should be as quantitative as 
possible.  Indicate which species and life stages are the focus of the project.  Describe specifically the general 
condition of the target species in your watershed relative to the historical abundance.  The condition of the species 
should be indicated using the categories in the drop-down box.  Species condition categories are defined on the last 
page of this form.  Biological objectives should include the following information:  (1) an estimate of the expected 
contribution of the project in terms of potential adult returns, to the extent possible (and an explanation of how the 
estimate was developed); and (2) an explanation of how the biological objective for the species is addressed by the 
action relative to the environmental limiting factors (e.g., the biological objective of an action might be to increase 
egg incubation survival in a watershed that is currently limited by sediment levels). 

VI.  Project Cost 
To the extent possible, estimate the capital cost of the project, the annual operating and maintenance (O&M) cost, a 
description of annual O&M activities, and the project lifetime (i.e., how many years O&M activities are expected, 
including indefinitely, and how long until you expect the project to provide benefits).  Provide any confirmed or 
potential funding partners, or opportunities for cost sharing with other funders or between projects.  Also, identify 
any confirmed or potential partners that might provide maintenance support for the project (funding support or labor 
support). 

VII.  Schedule 
Describe the project schedule, including a potential start date, construction period, and environmental and biological 
response times (i.e., the expected time to realize environmental and biological benefits).  The last points refer to the 
maturation period for the project during which time environmental conditions develop.  For example, it may take 
50–100 years before full environmental benefits (e.g., shading, channel stability, water quality) of planting riparian 
trees are realized.   

VIII.  Feasibility 
Describe the feasibility and challenges of the project.  Feasibility issues should include primarily technical issues, 
success of projects utilizing similar technology, and particular challenges posed by the specific project.  Other issues 
of feasibility that may be included are challenges associated with property ownership, permitting, zoning, and other 
social-economic-legal issues. 

IX.  Project Support 
Describe the support or potential conflicts associated with the project.  Specifically, provide supporting and 
cooperating entities (e.g., agencies, non-governmental organizations).  Are there cooperating agencies or groups, 
aside from the potential funding partners mentioned previously?  Describe the degree of local support and any 
known opposition or conflicts with other parties. 

X.  Supporting Documents 
Provide full references for each citation used to support the information presented in this questionnaire for your 
project.  At a minimum, a reference should include the author(s) name; name of agency/organization (if applicable); 
title of the document; volume and title of journal, if the document is taken from a professional journal; and 
publisher, date, and location of publication. 
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Questionnaire 

for  

Information on Potential Projects to Support Spring‐Run  
Chinook Salmon and Steelhead in the Sacramento River  

Basin for the Habitat Expansion Agreement 

DUE:  Thursday, April 30, 2009 

Send completed questionnaires to hea@water.ca.gov 
 

I.  Contact Information 
Name:   Rick Wantuck 

Organization:   NOAA / National Marine Fisheries Service 

Address:   777 Sonoma Ave Rm 325 

City, State, Zip Code:   Santa Rosa, CA 95404 

Phone Number:   (707) 575-6063 

Email Address:   Rick.Wantuck@noaa.gov 

 

II.  Project Description 
Project Name:   Expansion of Yuba River Salmon and Steelhead Habitat by Reintroduction and 

Habitat Restoration into the Upper Yuba Watershed 

Reference No. or New:   New 

Project Location:   Upper Yuba River upstream of Englebright Dam 

Project Description: 

Project Description:  Upper Yuba River Reintroduction Options 

The following information is provided to the California Department of Water Resources and Pacific Gas & Electric 
(HEA Licensees) to generally describe a comprehensive anadromous fish reintroduction program for the upper 
Yuba River watershed, and how the 2007 Habitat Expansion Agreement can be fulfilled by becoming a key 
component of a collaborative, watershed-based program dedicated to successful reintroduction of anadromous 
salmonids to the upper Yuba River basin.  While certain details and commitments necessary to fully carry out such a 
program are as yet unknown and subject to future agreements and adaptive management, the overall goal of such a 
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II.  Project Description 
program- attaining a robust and sustainable reintroduction of spring-run Chinook and steelhead in the upper Yuba 
River - shall remain constant.  It is NMFS’ intent to proceed with development of a Reintroduction Plan in a 
collaborative fashion with those stakeholder parties who express genuine interest in helping to achieve the overall 
goal.  The HEA Licensees are invited and encouraged to join with NMFS in a leadership role in this endeavor. 

The HEA Licensees have specific requirements under the 2007 Habitat Expansion Agreement (HEA) to accomplish 
an expansion of Central Valley spring-run Chinook (and Central Valley steelhead) habitat sufficient to meet a 
Habitat Expansion Threshold (HET) of 2,000 – 3,000 adult spring-run Chinook salmon.  The program described 
herein contains some elements that may be applicable to the HEA Licensees alone, and some elements that may be 
accomplished via a phased development- in collaboration with NMFS and other parties who have interests and 
responsibilities for anadromous fish conservation in the Yuba River. It is recommended that the HEA Licensees 
engage with NMFS (and consultants R2 Resources, Stillwater Sciences) to craft an HEA-specific component of the 
overall reintroduction plan. This effort should also be developed in concert with other activities among the various 
parties engaged in the recently formed watershed group: the “Yuba Multi-Party Forum.” However, in NMFS view, 
it is not necessary to gain full commitment from all of the other stakeholder parties because certain discrete “HEA 
actions” can be undertaken without causing any immediate alterations in land use or water management practices.  

This proposal involves a phased, collaborative project for the reintroduction of spring-run Chinook salmon and 
steelhead in targeted reaches of the upper Yuba River watershed - upstream of project dams (Englebright, New 
Bullards Bar, and Our House), and in the South Yuba River, approximately up to the major tributaries of Canyon 
Creek and Poorman Creek.  The Project will formally begin in 2011 with the adoption of a final Habitat Expansion 
Plan, subject to NMFS acceptance, that incorporates or substantially accommodates the key elements described 
herein, and is consistent with the (forthcoming) Upper Yuba River Reintroduction Plan for spring-run Chinook and 
steelhead.  

An "Upper Yuba River Reintroduction Program Steering Committee" shall be convened to oversee and direct the 
implementation of the phased reintroduction program.  Representation on the committee shall consist at a minimum 
of: HEA Licensees (PG&E and CDWR), NMFS, and CDFG.  Other Agency or non-governmental representatives 
may be included upon the recommendation of NMFS and the HEA Licensees, and with expressed interest of these 
other parties.  For example, other prospective members of the Program's Steering Committee are: Yuba County 
Water Agency, Nevada Irrigation District, Pacific Gas & Electric, U.S. Army Corps of Engineers, U.S. Forest 
Service, U.S. Fish &Wildlife Service, members of the existing "River Management Team," Native Tribes, and 
Conservation Groups.  The Steering Committee shall appoint a technical advisory committee to assist with matters 
of science, engineering, technology, operations, and evaluations and monitoring. 

The project's phases will proceed as follows: 

Phase 1: Conduct Fish Passage Research, Habitat Modeling Assessments, and Development Operational 
Reintroduction Plans 

Phase 1 is currently underway via three NMFS-sponsored contracts:  

• Conceptual engineering plans - Montgomery-Watson-Harza, Inc. (2/2010) 

• Habitat modeling and assessments - Stillwater Sciences, Inc. (11/2010),   

• Anadromous salmonid reintroduction plan - R2 Resources, Inc. (12/2010)   

Fish Passage Engineering: 

The Montgomery-Watson-Harza, Inc. study (Yuba River Fish Passage: Conceptual Engineering Project Options) is 
completed. This information was made available to the HEA Licensees in February 2010.  The purpose of the study 
was to perform a conceptual survey of habitat suitability and fish passage opportunities in the Upper Yuba River 
basin; and to identify an array of potential engineering options that may be applicable to future volitional or 
‘collection and transport’ fish passage operations. 

 

Habitat Assessments and Modeling: 
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Stillwater Sciences, Inc., in collaboration with NMFS, is currently performing a more detailed, science-based 
habitat assessment of the upper Yuba basin - including the North, Middle, and South Yuba Rivers, and their major 
tributaries.  This assessment features the application of a salmonid population dynamics model ("RIPPLE") as a tool 
to help inform salmonid population restoration and recovery planning. (www.stillwatersci.com/tools.php?tid=24).  
Additional existing information, including that which was developed in the Upper Yuba Rivers Studies Program and 
other relevant sources, is also being considered in connection with modeling development and results. 

The expected completion date for the habitat assessment component is November 2010. 

 

Comprehensive Upper Yuba Reintroduction Plan: 

R2 Resources, Inc., along with support from Stillwater Sciences (and other collaborating parties), is currently 
developing a reintroduction plan for anadromous salmonids in the upper Yuba River.  The expected completion date 
is December 2010.  At this stage, NMFS views the development of the reintroduction plan as a "living document," 
in the sense that it will provide a scientific foundation - upon which others may build future, collaborative 
reintroduction implementation efforts.  Other relevant information, from previous watershed studies, on-going 
FERC-relicensing studies, and planned field work, is also being assembled and considered in the formulation of the 
Reintroduction Plan.   

 

The Anadromous Salmonid Reintroduction Plan for the Upper Yuba River is envisioned by NMFS as a "living 
document," and shall be updated as appropriate in light of new information and developments affecting the direction 
and implementation of the fish passage reintroduction program.   

Anticipated Timeline: September 2009 - December 2010  

Phase II: Early Pilot Reintroduction Experiments; Planning and Permitting for Short Term and Long Term 
Reintroduction Program 

NMFS and R2 Resources, Inc., in cooperation with other collaborators to the reintroduction plan, will provide a 
detailed plan for a program that can begin to reintroduce anadromous fish into targeted areas of the upper watershed 
within 1-2 years.  The goal of this “experimental reintroduction phase” is to commence strategic fish passage and 
reintroduction activities on a limited scale to test, develop, and refine effective program elements in support of 
future habitat expansion actions and full-scale fish passage facilities.  The experimental phase will use a 
combination of pre-determined techniques and adaptive management, in such a way as to allow for: (a) controlled 
deployments of fish passage technologies and human resources, (b) use of experimental (hatchery) fish stocks, (c) 
use of temporary fish passage technologies and existing infrastructure, (d) extensive evaluation and monitoring of 
fish movements and behaviors, in order to evaluate reproductive, rearing, migrating, and escapement success, and e) 
development of collection, transport, and survival metrics, and other barometers of success, e.g.- meeting the HEA’s 
Habitat Expansion Threshold.  

The Reintroduction Plan document will determine the specific elements of the pilot reintroduction experiments, 
including such details as identifying suitable fish stocks, transport and collection methods, and the sequencing and 
scheduling of experiments. The plan will describe detailed approaches, methods, and materials required to 
accomplish the goals of the experiments. While early pilot experiments are not necessarily intended to result in full 
life-cycle reproduction (i.e.- spawning to escapement of discrete cohorts), marking and monitoring techniques will 
be employed to track and enumerate experimental fish in all life stages, as necessary to provide science-based 
management information. 

The project(s) will involve engineering design and implementation of "collection and transport" fish passage 
operations - in order to facilitate the movement of both Chinook salmon and steelhead in an efficient and 
coordinated fashion.  While specific and detailed fish passage facility designs and operational schemes need to be 
further developed by the HEA Licensees' and others, NMFS has already produced conceptual level engineering 
plans that offer a variety of conceptual options for passage in the upper Yuba River (Montgomery-Watson-Harza, 
Inc. 2010).   It is possible that certain collection and transport operations in the upper Yuba River may be supplanted 
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by future volitional or semi-volitional fish passage methods; but these are not within the immediate scope of 
responsibility of the HEA Licensees, and therefore are not further discussed in this brief program overview. 

In parallel development with this pilot reintroduction phase, contracts will commence for engineering designs of 
full-scale, operational fish passage facilities, and when final design of facilities is accepted by both HEA Licensees 
and NMFS-Engineering Branch, the project will go out for bid and construction.  Also during this period, the 
Steering Committee will begin assembling information and documentation needed for NEPA/CEQA analysis, as 
well as other relevant regulatory approval processes, including ESA coverage for future introduction of naturally 
spawning stocks of listed species, as required by NMFS. 

Preliminary Target Reintroduction Experiment Areas:   

(i) North Yuba River - upstream of New Bullards Bar Dam (estimated suitable mainstem habitat: 32 miles) 

(ii) Middle Yuba River - upstream of Our House Dam to the Kanaka and Wolf Creek reaches (estimated potentially 
suitable mainstem habitat: 13 miles) 

(iii) South Yuba River - upstream from Englebright Lake confluence to the Poorman Creek and Canyon Creek 
reaches (estimated potentially suitable mainstem habitat: 35 miles) 

(iv)  North Yuba and Middle Yuba River Reaches- downstream of New Bullards Bar Dam – in particular, the 
(approximate) one mile reach immediately downstream of the Colgate Powerhouse, and the (approximate) nine mile 
reach upstream of Colgate Powerhouse to New Bullards Bar Dam 

Note: The preliminary target areas were selected based on best available scientific information, watershed analysis 
conducted on numerous site visits, and NMFS' best professional judgment regarding the potential immediate and 
incremental benefits of discrete and combination actions; actual targeted reintroduction areas will be determined 
after the Reintroduction Plan is more fully developed. In the interim, there is an opportunity for DWR and PG&E to 
join NMFS in a leadership role to pursue some of these potential actions as elements of the Final Habitat Expansion 
Plan. 

These preliminary target areas are divided into distinct component “action areas” representing specific reaches of 
interest in the upper Yuba River that may offer opportunities for both immediate results and incremental, science-
based program improvements over time.  Exploiting some or all of these target areas would result in greater 
salmonid populations more quickly and over time, as well as optimize the cost-benefit ratio and overall 
programmatic effectiveness. Other reintroduction priority actions may be introduced for consideration during the 
further development of Phase I and Phase II activities. 

At this time, the anticipated role  of the HEA Licensees in Phase II of the reintroduction implementation plan is to: 

1) Obtain easements from the U.S. Army Corps of Engineers, and permission of CDFG and NMFS, to utilize 
the existing ladders at Daguerre Point Dam for purposes of capture of upstream migrating adult spring-run Chinook 
and steelhead; and for collection, enumerating, marking, tracking, and monitoring of downstream migrating smolts 

2) Manufacture a temporary collection facility to operate in conjunction with the existing Daguerre fish 
ladder(s). Manufacture and construct interim holding, counting, handling, marking, and transport facilities adjacent 
to the Daguerre fish ladder structure 

3) Make other site improvements as necessary to conduct effective collection and transport operations 

4) Obtain arrangements with DFG’s Feather River Fish Hatchery (or Coleman Fish Hatchery) to secure 
anadromous fish eggs, fingerlings, and adults for transport and strategic placement in the upper Yuba River in 
support of the Reintroduction Plan goals and objectives. All arrangements for fish stocks pursuant to Phase II 
experimentation will be conducted under an ESA S10(a)1(a) research permit, where applicable, or as otherwise 
authorized by NMFS. 

5) Collect hatchery stock – fertilized eggs, fingerlings, or adults – and transport to specific locations in the 
upper Yuba River in accordance with Phase II of the Reintroduction Plan. 

6) Collect Chinook or steelhead adults, at the Daguerre location, for purposes of obtaining adults for 
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spawning and fertilized eggs. In preparation for hatch box out planting in designated areas of the upper watershed, 
or, if and when directed by NMFS as part of the Reintroduction Plan, collect and transport adult spring-run Chinook 
and/or steelhead into the specified upper reaches of the Yuba River. These actions must be in accordance with the 
forthcoming, NMFS authorized Reintroduction Plan. 

7) Construct or otherwise ensure suitable conditions exist for release of adults or juveniles in the designated 
areas of the upper watershed; or ensure that hatch box placements are conducted according to best scientific 
practices, and as approved by NMFS and CDFG. Conduct annual redd surveys and habitat assessments, including 
fluvial geomorphic and hydrology studies in spawning and rearing reaches. 

8) Establish interim collection and marking facilities in the upper Yuba River for emigration of smolts 

9) Establish state-of-the-art fish transport systems to carry salmonids to destinations and release in good 
condition 

10)  Establish monitoring site in the lower Yuba River, near confluence with the Feather River capable of 
assessing smolt annual and steelhead (kelt) outmigration  

11)  Establish a state-of-the-art monitoring, marking, tracking system to assist in the evaluation of the program, 
and to ensure that reliable and accurate management information is available to guide adaptive management 
decisions.  The system will be developed in collaboration with NMFS, CDFG, and other relevant parties as part of 
the larger Reintroduction Plan protocol. 

12)  Other production or validation actions, not adequately captured here, consistent with the forthcoming 
Reintroduction Plan as necessary for program success, and within the boundaries of the HEA requirements of 
meeting and sustaining a habitat expansion to meet the HET. 

Actions or operations not completed at the end of the Phase II timeline shall be adopted for implementation and 
continuation during Phase III, to the extent that they are: a) subject to ongoing adaptive management modifications, 
b) relevant in terms of the most updated version of the Reintroduction Plan, and c) continue to meet with NMFS 
acceptance. 

Anticipated Timeline: January 2011- December  2013 

Phase III: Short Term Reintroduction Plan Implementation with Adaptive Management Elements 

Following Phases I & II, the program will shift its emphasis from a pilot reintroduction experiment to the actual 
build out and operation of state-of-the-art, permanent fish passage facilities.  This transition will mark the end of 
experimental reintroduction efforts and the beginning of a full-scale production fish passage program.  Phase III will 
begin servicing specific reaches of the upper Yuba River according to the adjusted time line and scheduling 
considerations in the updated Reintroduction Plan.  The extent of operations and selection of specific reaches 
required for fulfillment of the HEA Program will be clarified after further analysis by the HEA Licensees and 
NMFS, using information that will become available from the aforementioned studies, adaptive management 
considerations, and with the final approval by NMFS within the context of the HEA section 4.2.3, NMFS approval 
criteria.  The goal of meeting or exceeding the HET for spring-run Chinook and steelhead must be substantially met 
during this phase. 

This phase will take place during years 3-6.  

The Short Term Reintroduction Implementation Program will place its emphasis on the most feasible and 
productive reintroduction efforts as identified by the existing scientific information, the results of the earlier Pilot 
Reintroduction Program, and other adaptive management considerations.  Determination of the “most feasible and 
productive reintroduction efforts” will be made as a result of either: validated enumeration from accepted 
monitoring results or, in absence of acceptable validation -NMFS professional judgment.  The Steering Committee 
will make recommendations regarding the specific reaches and actions to be undertaken (subject to approval by 
NMFS). The Reintroduction Plan will include consideration of not only existing viable habitats, but also 
contingency plans that may yield additional or expanded suitable habitats should restoration actions be undertaken 
to expand the capacity for anadromous fish habitat in the upper Yuba River, e.g.- negotiated supplemental in-stream 
flow releases, reservoir facilities modifications and/or management actions that improve downstream thermal 
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conditions, spawning substrate rehabilitation actions, fish passage improvements at existing partial barriers, 
constructed fish passage facilities or enhanced capabilities, technological advances, or other habitat restoration 
actions, etc. 

At this time, the anticipated role of the HEA Licensees in this phase of the Reintroduction Plan is to: 

1) Implement any actions not completed from previous Phases that remain relevant and necessary for Program 
success and/or contribute to verifiable attainment of the HET. 

2) Implement a production fish passage program to begin meeting the goal set by the HEA's Habitat Expansion 
Threshold (HET) - featuring interim fish collection and transport operations for effective upstream and downstream 
passage of adult and juvenile spring-run Chinook and steelhead into the following areas:  

 (a) Upper North Yuba River (upstream of New Bullards Bar reservoir);  

 (b) Middle Yuba River (upstream of Our House Dam in the Kanaka and Wolf  Creek reaches) 

 (c) North Yuba River – (downstream of Colgate Powerhouse) – candidate reach  for on-going actions; 
contingent upon results of Phase I & II studies and experimentation, a coordination or support role with other parties 
is envisioned at this time 

 (d) North Yuba River – (downstream of New Bullards Bar Dam) – candidate reach  for on-going 
actions; contingent on negotiated or regulated in stream flow  releases from the Dam over the course of the 
hydropower relicensing process or  within the context of a negotiated settlement. 

 (e) Potential Purchase of North Yuba, Middle Yuba, or South Yuba in-stream  supplemental flow 
 alternatives – within the context of the Yuba Multi-Party  Forum - or other direct multi-party 
negotiations.  This might involve negotiated  payments in exchange for supplemental cold water flow releases from 
any of the  YCWA or YBDS project reservoirs.  To the extent the hydropower licensees wish  to 
engage in such novel approaches to habitat restoration, NMFS agrees that  water purchases may be explored 
and may be acceptable as a partial  contribution toward the HET, provided NMFS deems that: 

• sufficient cold water flow releases can be guaranteed from the facilities currently controlled by Yuba 
County Water Agency with proper frequency, magnitude, duration, and timing 

• An aggressive and scientifically sound habitat restoration program is undertaken to rehabilitate the reach 
between New Bullards Bar Dam and the Colgate powerhouse. This includes the restoration and maintenance of 
suitable spawning substrates and in-stream wood and other natural 

In-stream structures for habitat enhancement. 

• Agreement and commitment on the part of the HEA Licensees, or another capable and responsible party or 
parties, to ensure safe, timely, and effective fish passage is maintained in perpetuity within this reach. 

 

These proposed habitat enhancement areas where either substantial evidence points to the existence of suitable 
spring-run Chinook habitat conditions; or there is potential for reasonable and realistic negotiated and cooperative 
agreements to effect necessary habitat improvements – potentially yielding large, near term returns benefits at 
relatively reduced costs. The forthcoming Reintroduction Plan will further help inform and refine these designations 
and contingencies. The Plan is expected to be available before the end of 2010. 

3) Participate in, or support on-going, collaborative activities involving reintroduction feasibility in the South Yuba 
River, depending on progress toward additional fish passage as generated by the Yuba Multi-Party Forum, or other 
regulatory or voluntary reintroduction programs.  While the South Yuba may or may not prove to support 
substantial spring-run Chinook under current flow management regimes, NMFS considers the South Yuba as 
potentially suitable habitat for steelhead reintroduction, given the information available at this time.  Future 
information from FERC licensing studies, more extensive habitat assessments, modeling results, or other legitimate 
sources may improve our understanding of the South Yuba habitat potential.  The HEA Licensees may assist in the 
initiation of a South Fork reintroduction effort, but a long-term juvenile salmonid collection operation (downstream 
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migrations) from South Fork progeny would likely require additional resources beyond the scope of the HEA's 
requirements. 

Anticipated Timeline: January 2013 - January 2016 

Phase IV: Long Term Reintroduction Implementation and Management Program with Adaptive Management 
Elements 

Using adaptive management lessons, established operations frameworks, cooperative partnerships, and management 
information gained from previous phases, the Comprehensive Program will evolve into a permanent operation 
beginning in years 6-10.  The operations and management framework will require an on-going commitment of 
resources for operations and maintenance, oversight and technical committees, qualified and trained personnel, and 
an adequate budget to continue fish passage activities and key program functions into the indefinite future.   

• Management functions will involve: annual planning, permitting, performance metrics, budgeting, 
scheduling, reporting, evaluations, outreach, education, and other similar activities.  

• Operations functions will involve: safe, timely, and effective collection and transport operations to and 
from designated permanent sites and facilities, adaptation of new or improved technologies or techniques over time 

• Maintenance functions will involve the preventive and corrective maintenance of facilities and equipment 
necessary to maintain full operational capabilities 

• Regulatory functions will involve the adherence to any lawful regulatory mandates that may be in effect 

The HEA component of the long-term, comprehensive reintroduction plan will be responsible for on-going 
operations, maintenance, and other activities such that a minimum population of 2,000-3,000 spring-run Chinook 
salmon are maintained at all times , based on the independent actions attributable to the HEA Licensees, and not 
other reintroduction or habitat restoration actions by others.  The specifics of how multiple, concurrent, or additive 
fish passage and habitat restoration actions will be quantified or measured will need to be developed more fully over 
time; but it is likely that many actions described herein can be undertaken with discrete and separable results, 
provided adequate monitoring and evaluation measures are put in place by the HEA Licensees or others. Regardless 
of any of these perceived or real ambiguities at present, there is enough quality salmonid habitat in the upper Yuba 
River watershed – either immediately accessible or reasonably recoverable- to ensure that the HET will be met and 
the HEA obligations can be fulfilled, provided the measures described are ambitiously and professionally 
implemented without undue delay. 

Actions or operations not completed at the end of the Phase III timeline, shall be adopted for implementation and 
continuation during Phase IV, to the extent that they are: a) subject to ongoing adaptive management modifications, 
b) still relevant in terms of the most updated version of the Reintroduction Plan, and c) continue to meet with NMFS 
acceptance. 

Anticipated Timeline: 2016-2057 (and beyond) 

Disclaimer: This preliminary HEP-Project Description is supplied for information and planning purposes at this 
time.  The reintroduction planning process is in development; thus the specific elements are subject to change or 
modfications.  Nothing in this document shall be construed to exempt PG&E from any additional protective or 
conservation measures as may be prescribed or set forth in other regulatory proceedings pertaining to the Yuba 
River.  It is subject to further review and comment by the HEA Licensees and modifications by NMFS as 
appropriate; so that the information herein can be translated into a final Habitat Expansion Plan that is supported by 
both Licensees and ultimately accepted by NMFS.  The intention is that the final HEP - involving anadromous fish 
passage to and from the upper watershed - will become a first, major action not only to satisfy the requirements of 
the Feather River habitat Expansion Plan, but also to serve as a catalyst for implementation of additional actions 
within the framework of the Comprehensive Anadromous Salmonind Reintroduction Plan for the Upper Yuba 
River.    
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III.  Species Limiting Factors 
In this section, describe the limiting factors for spring­run Chinook salmon and steelhead in your 
watershed.  The last page of this questionnaire defines the limiting factors. 

Limiting Factors  Description (from back page)  Rank 

 Channel Form Channel incision and simplification are likely due to inhibition of 
the highest magnitude channel-forming flows in all but the wettest 
of seasons, when spills occur from New Bullards Dam over 
appreciable duration.  Moderate and smaller floods are less likely to 
be inhibited due to the much smaller capacity of the Middle and 
South Yuba dams. 

Select Rank 

 Channel Unit Types Supply of large woody material from the upper watershed is likely 
inhibited by several upper Yuba dams, and then its transport to the 
lower Yuba is interrupted by Englebright Dam.  Reductions of 
large woody material throughtout the upper and lower watershed 
affects fish cover availability.  Loss in side-channel habitats of the 
lower Yuba River contributes to loss of channel complexity. 

Select Rank 

 Substrate Recruitment of coarse substrates is interrupted to the lower North 
Yuba by New Bullards Dam, and to the lower Middle Yuba by Our 
House and Log Cabin dams.  Probably to a lesser extent in the 
upper Middle Yuba by Jackson Meadows and Milton dams, and in 
the South Yuba by Spaulding Dam.  Abundant coarse sediments 
were placed in the lower Yuba River during hydraulic gold mining 
prior to construction and retention behind Englebright Dam.  Lack 
of supply recruitment to the uppermost 1-mile reach downstream of 
Englebright Dam is likely. 

Select Rank 

 Structure Channel simplification in the lower Yuba, due to incision. Select Rank 

 Flow Inhibition of the highest magnitude channel-forming flow 
contributions from the North Yuba occurs in all but the wettest of 
seasons, when spills occur from New Bullards Dam over 
appreciable duration.  Floods of moderate and smaller magnitude 
are less likely to be inhibited due to the much smaller capacity of 
the Middle and South Yuba dams.  However, the South Feather, 
Yuba-Bear, and Drum-Spaulding hydroelectric projects Spring 
attraction flows, and flows to maintain holding and spawning water 
are natural limiting factors for spring-run Chinook populations. The 
Yuba-Bear and Drum-Spaulding projects divert more than 400 
TAF annually from the Middle and South Yuba watersheds thus 
constraining the spatial and temporal habitat in these streams.  

    High     

 Temperature Water temperature in lower reaches of all three forks of the Yuba, 
as well as the upper Main Yuba above Colgate, currently exceeds 
thresholds of suitability for summer rearing, summer holding and 
early fall spawning habitat.  Long reaches of the upper North Yuba 
remain suitable, as do upper reaches of the Middle Yuba.  The 
Middle and South Yuba, as well as the upper Main could be made 
more suitable through flow augmentation. 

    High     

 Water Quality       Select Rank 

 Passage Englebright Dam and the Narrows I &II hydropwoer facilities    Critical 
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constitute  a complete barrier to the entire upper watershed.  New 
Bullards Bar Dam is a barrier to the North Yuba at RM 1. Our 
House Dam is a barrier to the Middle Yuba at RM 20 

 Riparian/Floodplain       Select Rank 

Source Documents: 

Upper Yuba River Watershed Chinook Salmon and Steelhead Habitat Assessment (UYRSP 2005). SYRCL 
temperature monitoring data and unpublished watershed assessment products were used as the basis for some 
statements. 

Additional Notes: 

The Upper Yuba Studies Program Habitat Assessment identified that the only natural barriers to migration at flows 
greater than 400 cfs in were at RM 34 in the Middle Yuba and RM35 in the South Yuba   

 

IV.  Project Objectives—Environmental 
In this section, describe how your project will affect one or more of the limiting factors for spring­run 
Chinook salmon or steelhead described above. 

Limiting Factor  Description and Objective  Focus 

 Channel Form       Select Focus 

 Channel Unit Types       Select Focus 

 Substrate       Select Focus 

 Structure       Select Focus 

 Flow Augmentation of flows (as needed in the upper Main, Middle and 
South Yuba) for migration, holding, spawning and rearing habitat. 

    Secondary     

 Temperature       Select Focus 

 Water Quality       Select Focus 

 Passage To provide passage (up and down) between the lower Yuba River 
and any combination of the North, Upper Main, Middle and South 
Yuba river segments where suitable habitat exists to support viable 
populations.   

    Primary     

 Riparian/Floodplain       Select Focus 
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V.  Project Objectives—Biological 
In this section, describe the objective(s) of your project relative to the goal of providing habitat for 
spring­run Chinook salmon and steelhead.  Indicate the species and life stage that are targeted by the 
project.  (It is okay to have more than one species/life stage target). 

Target Species:   Spring-Run Chinook Salmon Population Status 
Specific to Watershed: 

    Extirpated 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration   Adult Holding 

Description of Project Objectives: 

Establish a viable and self-sustaining population (totaling at least 2000-3000 adults on average) utilizing at least two 
segments of the upper Yuba Watershed.  Note: remnant population of spring-run Chinook exists in Lower Yuba 
River below Englebright. 
 

Target Species:   Steelhead Population Status 
Specific to Watershed: 

    Extirpated 

Target Life Stages: 

 Spawning   Egg Incubation   Summer Rearing   Winter Rearing 

 Juvenile Emigration   Adult Immigration 

Description of Project Objectives: 

Establish a viable and self-sustaining population (totaling at least 2000-3000 adults on average) utilizing at least two 
segments of the upper Yuba Watershed.   

 

VI.  Project Cost 
Capital Cost:   Unknown pending preferred alternative of a Reintroduction Plan 

Annual Operation and 
Maintenance Cost: 

 Unknown pending preferred alternative of a Reintroduction Plan 

Annual Operation and 
Maintenance Description: 

 Unknown pending preferred alternative of a Reintroduction Plan 

Project Lifespan:   HEA could be used for the first period of a project to proceed at least a long as 
new FERC licenses. 

Project Partners 
(Funding): 

 PG&E< Nevada Irrigation District, Yuba County Water Agency, and others 
may partners as per  outcome of current relicensing actions or future settlement 
agreements. 

Project Partners 
(Maintenance): 

 Army Corps of Engineers and YCWA own structures involved.  PG&E and 
Nevada Irrigation District (as well as possibly YCWA) will need to be 
responsible for delivery of augmented flows. 
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VII.  Schedule 
Proposed Start:   2011 

Expected Time to 
Completion: 

 2013-2016 

Expected Time to Realize 
Environmental Benefits: 

 2013-2016 

Expected Time to Realize 
Biological Benefits: 

 2016-2020 

 

VIII.  Feasibility 
Technical Feasibility:   Appears feasible according to conceptual engineering studies and perliminary 

habitat assessments.  To be further identified in additonal fish passage studies, 
habitat assessments and modleing, and Reintroduction Plans. 

Technical Challenges:   Many specifics are known, others to be answered by additional studies,   
pending a preferred alternative in the Final Habitat Expansion Plan, consistent 
with the development of a Comprehensive Reintroduction Plan 

Related Projects:   Yuba Spawning Habitat Rehabilitation project would provide means to increase 
natal spring-run salmon population prior to major reintroduction program. 

Ownership or Permitting 
Challenges: 

 Army Corp of Engineers is not currently proactive.  YCWA relicensing to 
officially begin this summer. 

Conflicts with Cultural, 
Zoning, or Other Issues: 

 None determined.  Calling Back the Salmon Committee represents coalition of 
tribal and non-tribal groups with mission of restoring salmon populations to the 
Upper Yuba 

 

IX.  Project Support 
Supporting Entities:   In addition to NMFS, other likely supporting entities are: USFS, USFWS, 

CDFG, SYRCL, Foothills Water Network, Tribes  

Cooperating Entities:   To be determined 

Degree of Local Support:   Calling Back the Salmon Committee and SYRCL have held several events over 
the last 4 years putting this project goal into the public forum.  These events, 
including the Calling Back the Salmon Ceremony and the Spring-run Salmon 
Symposium indicate a broad degree of local support. 

Known Opposition:   To be determined 
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X.  Supporting Documents 
Please provide a full reference for each citation used to support the information presented in this 
questionnaire. 

Lindley, S.T., R.S. Schick, E. Mora, P. B. Adams, J. J. Anderson, S. Greene, C. Hanson, B. P. May, D. McEwan, R. 
B. MacFarlane, C. Swanson, and J. G. Williams.  2007.  Framework for Assessing Viability of Threatened and 
Endangered Chinook Salmon and Steelhead in the Sacramento-San Joaquin Basin.  San Fran. Estu. & Water. 
Sci.:5(1)(4).  California Bay-Delta Authority Science Program and the John Muir Institute of the Environment. 
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Definitions of Limiting Factors for Spring­Run Chinook Salmon and Steelhead 
Channel Form 
This attribute describes changes to the channel, including incision, aggradation, diking, armoring, and other 
modifications of the channel adversely affecting spring-run Chinook salmon and steelhead. 

Channel Unit Types 
Examples of geomorphic features of the channel that form habitat types for spring-run Chinook salmon and 
steelhead are pools, riffles, glides, and runs.  This attribute describes changes in the frequency and size of such 
features.  For example, removal of large wood may reduce the frequency of pools, presence of steps, or retention of 
gravel for riffles. 

Substrate 
This attribute describes changes in the composition of the substrate of the stream, including increase in fine 
sediment and lack of gravel recruitment. 

Structure 
This attribute describes the loss of structural elements in the stream such as large wood, boulders, undercut banks, 
and so on.  Loss of structure results in a simplification of the channel and influences Channel Form and Channel 
Unit Types. 

Flow 
This attribute addresses modification of the flow regime, including decrease in summer low flow, increased 
“flashiness,” and dewatering of the channel as a result of withdrawals. 

Temperature 
Change in water temperature can be attributable to human actions such as removal of riparian shading.  This 
attribute describes the increase in summer water temperature and the loss of temperature refugia (springs or 
groundwater) as a result of human actions. 

Water Quality 
This attribute pertains to the input to the stream of toxins or pollutants that produce adverse impacts on spring-run 
Chinook salmon or steelhead.  This can include chemical pollutants such as fertilizer and pesticides and nutrient 
sources such as cattle and feedlots. 

Passage 
This relates to the effect of impediments to adult or juvenile migration of spring-run Chinook salmon or steelhead, 
including dams, culverts, channel dewatering, and other structural and channel modifications.  Please describe the 
location of the passage impediment and describe the extent of impediment (i.e., a complete or partial blockage to 
migration). 

Riparian/Floodplain 
This attribute describes the loss of functionality of the riparian forest/vegetation and the connection of the stream to 
the floodplain during high water and flooding. 
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Population Condition Definitions for Section V. Project Objectives—Biological 
 

Increasing 
Adult returns of the target species to the watershed have generally been increasing over the last several years; 
expectations are that the species is displaying characteristics of a rebuilding or healthy population. 
 

Stable  
Adult returns of the target species to the watershed show no clear trend over the last several years. 
 

Decreasing 
Adult returns of the target species to the watershed are declining over the last several years; the decline in abundance 
is a cause of concern and characteristic of a potentially unhealthy population. 
 

Intermittent 
Adult returns of the target species are occasionally seen in the watershed, but there is no viable or sustained 
population in the basin. 
 

Extirpated 
The population has been eliminated from the watershed although the species was present in the past. 
 

Never Present 

The species has never been known to occur in the watershed. 
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Appendix J 
Concept for an Adaptive Management Plan 

Related to the Optional Segregation Weir 

The following concept for an Adaptive Management Plan (AMP) is designed to 
assist the resource agencies (National Marine Fisheries Service [NMFS], U.S. 
Fish and Wildlife Service [USFWS], and California Department of Fish and 
Game [DFG]) in determining the need for installation and management of a 
seasonal segregation weir to support development of an independent, self-
sustaining population of spring-run Chinook salmon in the Lower Yuba River.   

The Lower Yuba River Actions recommended in the Final HEP consist of three 
individual actions.  Collectively, these actions expand habitat and support 
development of a new population of spring-run Chinook salmon.  As discussed in 
Section 4.3.11 of the Final Habitat Expansion Plan (HEP), these actions also 
contribute to a larger integrated plan for management of spring-run Chinook 
salmon in the Lower Yuba River. 

The Lower Yuba River Actions recommended in the Final HEP are as follows: 

 Sinoro Bar spawning habitat expansion – expand spawning habitat in the 
Sinoro Bar geomorphic unit of the Englebright Dam Reach of the Lower 
Yuba River (described in Section 3.3.1 of the Final HEP);  

 Narrows Gateway spawning habitat expansion – expand spawning habitat in 
the Narrows Gateway geomorphic unit of the Narrows Reach of the Lower 
Yuba River (described in Section 3.3.2 of the Final HEP); and  

 segregation weir (optional) – plan for, and if deemed necessary by the 
resource agencies (NMFS, USFWS, and DFG), install a seasonally operated 
segregation weir at a location downstream of the Narrows Pool (described in 
Section 3.4 of the Final HEP). 

The recommended habitat expansion actions at Sinoro Bar and Narrows Gateway 
(referred to as the HEP action sites) would provide habitat that supports 
development of a self-sustaining population.  However, the Lower Yuba River 
also supports fall-run Chinook salmon that may use the expanded habitat.  In 
other watersheds without barriers to migration, spring-run and fall-run Chinook 
salmon often are separated geographically, with spring-run fish ascending to 
upper watershed areas and fall-run fish spawning in the lower stream reaches.  
Upper stream reaches that are used by spring-run fish often are steeper, with 
cooler water temperatures relative to lower stream reaches used by fall-run fish.  
In some cases, seasonal hydraulic barriers that block fall-run fish from entering 
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during low-flow periods reinforce genetic separation of the two runs.  In the 
Yuba River, however, Englebright Dam and other upstream dams block access to 
areas that historically supported spring-run Chinook salmon (Yoshiyama et al. 
1998).  At the same time, deep reservoir projects like New Bullards Bar provide 
water to the Lower Yuba River that is colder than occurred historically, 
providing conditions that are amenable to spring-run Chinook production.   

The lack of geographic or physical separation between fall-run and spring-run 
Chinook salmon in the Lower Yuba River introduces the risk that the incursion 
of fall-run Chinook into the HEA action area could inhibit development of a new 
population of spring-run Chinook.  To enhance the separation of fall-run and 
spring-run Chinook salmon and preserve genetic integrity, the Licensees 
recommend the use of a seasonally operated weir to be located below the 
Narrows Pool.  The weir would ensure that sufficient separation of the two runs 
occurs, so that a viable population of spring-run Chinook salmon can develop 
using the expanded habitat.  Segregation, in this case, refers to the presence of 
habitat to meet the numeric abundance criteria for an independent population 
(Lindley et al. 2007) and conditions that enhance genetic separation between the 
two runs to create a viable spring-run Chinook population.  It is quite possible 
that the needed segregation of the two runs will occur naturally due to differences 
in habitat preferences between the two runs, or that the two runs will be able to 
maintain genetic separation due to behavioral differences between the runs.  For 
example, Banks et al. (2000) found that spring-run and fall-run Chinook in the 
Central Valley have maintained genetic integrity despite considerable physical 
overlap in habitat and spawning.  However, in the event that natural segregation 
is not sufficient, a weir could be implemented as a fisheries management tool at 
the discretion of the resource agencies.  The resource agencies could elect to use 
the weir on an annual basis, or decide whether the weir is needed at all.  To make 
these decisions, the Licensees suggest that the resource agencies develop and 
implement a structured decision making process.  This appendix provides an 
example of an Adaptive Management Plan (AMP) for the proposed seasonally 
operated weir on the Lower Yuba River. 

The following concept for an AMP illustrates the notion of an adaptive plan for 
operation of a seasonal segregation weir and serves as an example for discussion 
purposes.  The Licensees stand ready to assist the resource agencies in 
developing a final AMP for operation of the weir as part of a larger integrated 
plan for management of spring-run Chinook salmon in the Lower Yuba River.  
An important aspect of this integrated plan is DFG’s expressed support for 
management of the Lower Yuba River between Englebright Dam and the outlet 
of the Narrows Pool for spring-run Chinook salmon (Hill pers. comm.). 

The concept of adaptive management calls for management actions to be 
implemented based on an experimental design that tests key assumptions 
(Walters and Hilborn 1976).  An adaptive experimental design requires explicit 
statement of testable hypotheses, criteria for testing these hypotheses, and 
management responses to outcomes of the tests.  The following sections provide 
an outline for an experimental AMP design.  
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J.1 Management Hypotheses 

J.1.1 Hypothesis 1 

Channel form and substrate in the Sinoro Bar and Narrows Gateway 
areas can be modified to produce stream channel characteristics that 
are consistent with the habitat needs of Central Valley spring‐run 
Chinook salmon. 

The HEA calls for creation of habitat capable of supporting 2,000–3,000 spring-
run Chinook salmon.  Pasternack (2010a, 2010c) describes features that could be 
constructed at Sinoro Bar and Narrows Gateway that are consistent with the 
spawning habitat needs of spring-run Chinook salmon and could be maintained 
by the existing geomorphic processes, gravel augmentation by the U.S. Army 
Corps of Engineers (Corps), and additional maintenance by the Licensees 
provided under the HEA.  Construction of these features requires completion of a 
number of logistical and regulatory steps.   

Hypothesis test:  Test of this hypothesis is that the logistical and regulatory steps 
are completed and that the spawning habitat expansion features are constructed.  
Project steps include: 

1. Secure access to the required sites for construction and maintenance. 

2. Acquire all in-water work permits. 

3. Complete the California Environmental Quality Act process and public 
stakeholder review. 

4. Construct and maintain required features. 

J.1.2 Hypothesis 2 

Spring‐run and fall‐run Chinook salmon have habitat preferences and 
spawning fidelity that results in sufficient genetic separation of the 
two races to create a viable population of spring‐run Chinook salmon 
in the HEA action area. 

The potential of the expanded spawning habitat in the Sinoro Bar and Narrows 
Gateway areas to support a population of spring-run Chinook salmon depends on 
the preferential selection of the habitat above the Narrows Pool by spring-run fish 
and, conversely, the avoidance of the area by fall-run fish.   

The second hypothesis is that the created habitat in the Sinoro Bar and Narrows 
Gateway areas will be preferentially used by spring-run fish such that the 
expanded habitat will support development of a viable spring-run Chinook 
salmon population.  Facts supporting this hypothesis are: (1) the location of the 
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action in the upper reaches of the Lower Yuba River below Englebright Dam; 
(2) the steeper gradient of the area relative to lower river areas; (3) the 
temperature of water released from upstream reservoirs that is consistent with the 
needs of spring-run fish; and (4) observations that early spawning Chinook in the 
Lower Yuba River presently migrate to this area and attempt to spawn 
(Pasternack 2010b).  

This hypothesis could be tested through field observations of spawn-timing on 
the new habitat relative to explicit criteria.  Should Hypothesis 2 be rejected (i.e., 
if movement of fall-run Chinook salmon into the expanded habitat likely 
precludes development of a viable spring-run Chinook salmon population), then 
the AMP would move to Hypothesis 3 that calls for construction and operation of 
a seasonal weir to mechanically ensure adequate genetic segregation of the two 
runs. 

Hypothesis test:  Following completion of the habitat expansion actions in the 
Sinoro Bar and Narrows Gateway areas, Hypothesis 2 would be tested through 
field observations over a set time period.  Criteria defining success should be 
developed by the resource agencies.  For example, the actions could be 
considered successful if:  (1) Chinook salmon expressing a spring-run phenotype 
preferentially select habitat above the Narrows Pool; and (2) sufficient numbers 
of spring-run Chinook spawn above the Narrows Pool such that a viable 
population of spring-run Chinook salmon is created.  This leads to two test 
criteria:  (1) the acceptable degree of habitat selection by spring-run Chinook; 
and (2) the number of spring-run Chinook salmon required to create a viable 
population of spring-run Chinook salmon.  A test of this hypothesis also requires 
a definition of what constitutes a spring-run Chinook salmon—a surprisingly 
non-straightforward question.  The following are examples of test criteria for this 
hypothesis: 

Run segregation criterion.  At least 65 percent of spring-run Chinook salmon 
spawning in the Lower Yuba River needs to occur above the Narrows Pool in 
more than half the years during the test period.  

Population abundance criterion.  Based on the conclusions of Lindley et al. 
(2007) a viable salmon population needs at least 500 successful spawners 
(effective population size) or at least 250 spring-run Chinook redds.  Using the 
figure of Lindley et al. (2007) that effective population size is 20 percent of total 
fish abundance, this translates into a total abundance of spring-run Chinook 
salmon in the Lower Yuba River of at least 2,500 adult fish.  The HEA 
recommended actions should provide more than enough habitat to meet this 
abundance criterion. 

Definition of spring-run Chinook salmon.  Spring-run Chinook salmon are those 
that return to the Yuba River between March 1 and June 15 and spawn between 
August 1 and October 15.  
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The question of what constitutes a spring-run Chinook salmon in the Central 
Valley is not simple due to overlap in timing between spring-run and fall-run, 
and mixing of hybridized fish, particularly those of hatchery origin.  The two 
runs can be distinguished genetically (Banks et al. 2000, Garza et al. 2009); 
however, genetic tests remain difficult to implement in real-time during 
migration.  The spring-run Chinook salmon definition provided here is intended 
to be a practical, operational definition that could be used for test purposes as 
part of the AMP.  The dates proposed are similar to those used in the Feather 
River Hatchery Draft Genetic Management Plan to provide separation of fall-run 
and spring-run Chinook salmon. 

Test period for Hypothesis 2.  Testing of this hypothesis using the above 
criteria would occur for up to a 10-year period1 following completion of the 
habitat features in the Sinoro Bar and Narrows Gateway areas.   

The test period needs to be long enough to account for natural variation in 
abundance of the two runs from year to year, and to allow the population to build 
and take advantage of the expanded habitat.    

J.1.3 Hypothesis 3 

A seasonally operated weir can be constructed and operated below 
the Narrows Pool to provide sufficient genetic segregation of fall‐run 
and spring‐run Chinook salmon to allow development of a viable 
spring‐run Chinook salmon population.   

Hypothesis 3 is tested if Hypothesis 2 is rejected (i.e., if insufficient genetic 
segregation is naturally occurring between the two runs).  The location of the 
weir is envisioned to be above Timbuctoo Bend, but below the Narrows Pool.  
This location would support use of the Narrows Pool for adult holding of spring-
run Chinook and create minimal impact on fall-run Chinook salmon production 
in the Timbuctoo Bend reach.  Timing of the weir installation and removal would 
depend on seasonal fish and river monitoring data. 

Currently, there is a partial passage impediment for upstream migrating fish at 
Daguerre Point Dam that may be contributing to the observed distribution of 
spring-run Chinook salmon that currently hold in the pool immediately 
downstream of the dam.  According to the 2007 biological opinion for operations 
at Englebright and Daguerre Point Dams, the Corps will be enhancing passage 
for both adult and juvenile fish at Daguerre Point Dam2.  Once the migration 
impediment has been removed, adult spring-run Chinook salmon would be 

                                                      
1 Actual period to be determined in consultation with the resource agencies. 
2 National Marine Fisheries Service.  2007.  Biological Opinion for the Operation of Englebright and Daguerre 

Point Dams on the Yuba River, California.  File Number 151422-SWR-2006-SA00071: MET (PCTS 
#2007/01232).  Sacramento, CA.  
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expected to move upstream earlier in their migration and make greater use of the 
Narrows Pool for summer holding. 

Hypothesis test:  If Hypothesis 2 is rejected, then evaluation of Hypothesis 3 
involves testing the following assumptions: 

1. Resource agencies agree on the need for a segregation weir. 

2. A suitable engineering design can be developed to accommodate site-specific 
factors and seasonal operational needs. 

3. All necessary permits can be secured. 

4. Spring-run Chinook salmon move upstream early enough for a segregation 
weir to be effective. 

5. Success criteria for Hypothesis 2 would apply to Hypothesis 3 as well. 
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1. INTRODUCTION 

The Habitat Expansion Agreement for Central Valley Spring-Run Chinook Salmon and 

California Central Valley Steelhead (HEA) seeks to expand spawning, rearing, and adult holding 

habitat for these salmonids in the Sacramento River basin.  A key goal is to accommodate an 

estimated net increase of 2,000 to 3,000 adult spawning spring-run Chinook salmon as compared 

to the habitat available under any relevant requirement or commitment.  This goal is referred to 

as the Habitat Expansion Threshold (HET). 

A draft Habitat Expansion Plan (HEP) has been developed in which two different sets of 

actions are proposed to achieve the HET.  One set of actions involves rehabilitating selected 

areas of the lower Yuba River (LYR) between Englebright Dam and the confluence with the 

Feather River.  Different parts of the LYR serve different salmonid species and their freshwater 

lifestages.  Of all the Pacific salmonids, spring-run Chinook salmon (SRCS) are the most likely 

to migrate to the upstream limit of the accessible river at Englebright Dam and attempt to spawn 

there.  The narrow river valley below the dam may be divided into two reaches: 1) the 

Englebright Dam Reach (EDR) that starts at the dam and ends at the confluence with Deer Creek 

and 2) the Narrows Reach (NR) that starts at the end of the EDR and ends at the onset of 

permanent alluvial fill in the river valley at the end of the bedrock canyon constriction (Fig. 1.1).  

Both of these reaches have received relatively little monitoring or scientific investigation relative 

to the rest of the river, and the NR has received even less than the EDR. 

The purpose of this report is to investigate the status of the NR and envision options for 

river rehabilitation there in support of a rejuvenated SRCS population.  Specific objectives with 

respect to the NR include 1) characterization of the current hydrogeomorphic condition, 2) 

historical aerial photo analysis to ascertain causes of the current condition, 3) scoping of river 

rehabilitation opportunities and constraints, and 4) estimation of the number of SRCS that could 

be supported by the rehabilitation possibilities. 
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Figure 1.1. Location map and aerial imagery of the Englebright Dam Reach (yellow polygon) 

and Narrows Reach (red polygon) in the Yuba River watershed. 

2. REACHES OF THE UPPER LYR 

In geomorphology it is understood that the landscape exhibits different spatial patterns 

and processes when viewed at different spatial scales (Grant et al., 1990; Rosgen, 1996; 

Pasternack, 2008a).  As a result, geomorphologists use a hierarchical framework for evaluating 
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landscapes in which different methods and concepts are applied for each scale of analysis.   The 

commonly used scales of analysis include hydraulic-unit (10-1 to 100 W), geomorphic-unit (101 

W), reach (102-103 W), and larger catchment spatial scales, where W is channel width.  Spatial 

scales are referenced to channel width, because many observers have recognized a similarity of 

forms among systems of different absolute size that are governed by the same underlying 

processes.  Note that there exists a gap for channel lengths of 101 to 102 W, which some 

geomorphologists consider to be an assemblage of geomorphic units and others simply call a 

reach, because they are not investigating the larger spatial scales beyond that. 

In light of these concepts, the LYR may be partitioned into different units at each spatial 

scale.  For this study it is not necessary to evaluate the entire LYR, but for context it does help to 

consider the top ~12 km from a reach-scale perspective.  Downstream of the confluence of the 

South Yuba River with the mainstem Yuba River (above Englebright Reservoir), the mainstem 

flows through a narrow valley that includes Englebright Dam.  The narrow valley ends at an 

abrupt, sudden expansion that denotes the onset of a perennial alluvial valley and riverbed in a 

reach known as Timbuctoo Bend (Fig. 2.1).  In turn, Timbuctoo Bend ends just after the highway 

20 bridge, because there is another abrupt, significant expansion in channel width at that 

location.  Therefore, on the basis of abrupt changes in valley width, it is possible to distinguish 

three reaches at the 102 W spatial scale in the topmost part of the LYR- a narrow valley, 

Timbuctoo Bend, and then a wide valley. 

Moving down to the spatial scale of reaches at the 101 to 102 W spatial scale, there are 

geologically controlled variations in valley width and channel slope within the narrow valley 

between the confluence with the South Yuba River and the onset of Timbuctoo Bend.  There are 

also tributaries that produce sediment and locally influence valley morphology, as well as 

Englebright Dam that artificially divides the valley into a reservoir upstream and a narrow river 

valley downstream.  Taken together, these four factors- valley width, bed slope, tributary 

confluence, and man-made structures- may be used to delineate geomorphically distinct areas of 

the river at this reach scale. 

Applying the controlling factors to the narrow valley downstream of Englebright Dam, 

there are four significant geomorphic controls revealed.  The longitudinal profile of the river bed 

in the EDR shows a constant slope through the reach, but there is an unusually high rapid crest 

(Fig. 2.2).  This feature creates a hydraulic backwater effect during flows <50,000 cfs and thus it  
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serves as a major sediment transport barrier.  There are no slope data available for the channel 

between the confluence of Deer Creek and the top of Timbuctoo Bend.  The longitudinal profile 

of the wetted channel width during an extremely high flood event of 96,100 cfs (December 31, 

2005) is representative of the role of valley width at the smaller reach scale (Fig. 2.3).  It shows 

an abrupt increase in width at the onset of Sinoro Bar that is a significant geomorphic control.  

Next, the impingement of Deer Creek into the Yuba River is a significant geomorphic control.  

Although the reservoir on Deer Creek blocks sediment delivery to the Yuba now, there remains a 

strong asynchronous timing of floods out of Deer Creek and the Yuba River due to their different 

hydrological regimes.  Deer Creek usually floods first, with its quicker rain-fed response.  This 

means that Deer Creek flood flows impinging on the Yuba at an almost 90° angle cause a 

significant hydrodynamic barrier to bedload transport down the Yuba on the rising limb of a 

Yuba flood (note that bedload transport tends to be higher on the rising limb than the falling 

limb, because the water surface slope can be greater, driven by unsteady flows).  Finally, there is 

a dramatic abrupt width decrease ~1,600’ downstream of the confluence with Deer Creek. 

Although all four of these notable geomorphic controls are important at the geomorphic-

unit scale, a decision to break up the upper LYR into reaches was made on the basis of the 

largest impact that transcends the reach scale, which was judged to be the role of Deer Creek.  

Width expansions and contractions affect the location of sediment storage in a river (White et al., 

2010), but a tributary junction influences the source inputs of water, sediment, and biological 

materials as well as temperature and sediment storage.  Consequently, the LYR is conceptually 

divided at the reach scale at the confluence with Deer Creek into the Englebright Dam Reach and 

the Narrows Reach (Figs. 1.1 and 2.1).  The roles of the other geomorphic controls are thus 

considered within the context of the geomorphic-unit scale.  It is conceivable to divide the river 

into finer reaches at all geomorphic controls, but then the scale of consideration becomes so 

small that it is no longer a reach scale assessment.  This is the reasoning behind the currently 

used differentiation between the EDR and NR, which is important to understand in the context of 

the goals of this study. 
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Figure 2.1. 2006 aerial image of the upper LYR delineating the Englebright, Narrows, and 

Timbuctoo Bend Reaches. 

 

 

Figure 2.2. Longitudinal bed-elevation profile along 855 cfs thalweg in the EDR. The thalweg 

was determined using depth and velocity predictions from the SRH-2D model of the EDR. No 

slope break is evident in this profile. 
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Figure 2.3. Longitudinal wetted channel width profile along the EDR centerline at 96,100 cfs. 

The wetted channel area for this discharge was determined using depth predictions from the 

SRH-2D model of the EDR. Note that the distance upstream along the centerline does not match 

the distance upstream along the 855 cfs thalweg in Fig. 2.2. 

3. EDR ASSESSMENT RECAP 

For ~10 years, stakeholders participating in the LYR Technical Working Group have 

discussed opportunities and constraints for river rehabilitation and enhancement in the EDR.  

Through interpretation of historical areal photos funded by a federal grant from the U.S. Fish and 

Wildlife Service, Pasternack et al. (2010) determined that the majority of degradation in the EDR 

in the vicinity of Sinoro Bar was caused by mechanized gold mining.  Secondarily, the presence 

of Englebright Dam was responsible for a lack of natural, river-rounded gravel/cobble influx, as 

well as delivery of shot rock to that area in the 1997 flood.  Equally as important, deposition of 

hydraulic gold mining debris in the EDR also caused large cobbles and boulders to become 

fixtures in the EDR at Sinoro Bar.  These historical findings provided the basis for LYR 

stakeholders to subsequently recognize the opportunity for a direct intervention in the Sinoro Bar 
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area to rehabilitate the river to undo the harm caused by mechanized mining and then to enhance 

the river to optimize physical habitat conditions for the freshwater life cycle of SRCS and to 

enable geomorphic sustainability.  Consequently, a proposal was submitted to the HEA steering 

committee to consider a project in the Sinoro Bar area.  Finally, that led to the Pasternack (2010) 

report that evaluated the geomorphic condition in the EDR and estimated the number of SRCS 

that could be supported by performing river rehabilitation in that reach as part of a potential HEA 

project. 

Pasternack (2010) proposed river rehabilitation in the Sinoro Bar area of the EDR (Fig. 

3.1).  The goals would be to 1) undo the harm imposed by mechanized gold mining and overly 

coarse, angular rocks and 2) implement SRCS habitat enhancements to provide an array of 

sustainable, fish-preferred channel features at the hydraulic-unit and geomorphic-unit spatial 

scales.  Such a project would entail excavating out the existing infill- estimated at a maximum of 

128,940 m3 (168,650 yds3)- and then installing roughly the same volume of a mixture of river-

rounded gravel/cobble, but distributed according to a carefully vetted design able to yield the 

necessary array of physical habitat needed to support the different SRCS lifestage requirements.  

In terms of ecological benefits of such a project relative to HEA goals and specifically the HET, 

20 different estimates of supported SRCS were calculated based on different assumptions about 

the project area, fish behavior, and available adult SRCS.  The potential for the project to support 

SRCS that otherwise presently have no support in that area was most reasonably estimated to be 

in the range of 10,116-12,644 adult SRCS (full range of uncertainty was 6,136-33,504).  When 

population constraints due to full lifecycle constraints were considered (e.g., ocean and estuarine 

conditions) as an additional constraint, the most reasonable range of likely supported fish (rather 

than potential for support) under current conditions was 1,977-5,246.  In other words, the project 

would create fantastic conditions capable of supporting a large number of SRCS, but in fact there 

are far fewer SRCS in the LYR currently; thus, in actuality the likely supported run under current 

conditions would be smaller than the full potential.  One benefit of having such a large excess of 

high-quality physical habitat available is that it would enable both fall-run and spring-run 

Chinook salmon to utilize the same area without having the fall-run decimate SRCS redds.  The 

potential habitat from a Sinoro Bar project is large enough to meet both runs’ needs. 
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Figure 3.1. Oblique photo of the Sinoro Bar area proposed for river rehabilitation as part of the 

HEA.  The proposed project would start at the house-sized boulder in the lower right of the photo 

and end at the top of the rapid barely visible at the farthest downstream location in the photo (top 

center). 

4. NARROWS CURRENT CONDITION 

A primary objective of this study involved investigating the current condition of the 

Narrows Reach using available information and a new reconnaissance. The Narrows Reach is a 

remote part of the LYR that has received relatively little scientific investigation.  Beak 

Consultants, Inc. (1989) conducted fish surveys in the EDR and NR, which they lumped together 

as a single reach they called the “Narrows Reach”.  They also did habitat simulation, from which 

they concluded that the area had little fry habitat and virtually no juvenile habitat at that time.  

For the terrestrial land, there exists a topographic map with 2’ contours (NGVD29 datum) from 
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the 1999 Army Corps aerial photogrammetry survey.  A 2005-2007 topographic and bathymetric 

survey of the EDR conducted by UC Davis stopped at the top of the Narrows Gateway rapid for 

logistic reasons and lack of scientific need.  As part of that effort, some NR hillside photography 

is available.  In 2009, the Yuba Accord River Management Team (RMT) installed a water level 

and temperature sensor in S-turn.  For the 2009-2010 spawning season, the RMT performed 

weekly redd mapping in EDR and NR.  That is being repeated for the 2010-2011 spawning 

season as well.  On October 1, 2010 a site recon was conducted to observe NR conditions.  

Based on the available information, a geomorphic analysis and a Chinook spawning analysis 

under current conditions was performed to characterize the two upper geomorphic units that are 

amenable to river rehabilitation. 

4.1. Narrows Reach Geomorphic Units 

The first step in the analysis of the Narrows Reach is to describe its physical geography 

in terms of the sequence of geomorphic units it contains and establish a nomenclature in support 

of discussions.  At the geomorphic-unit scale (1-10 W), the factors that are commonly used to 

delineate individual units in a valley-constrained reach include abrupt changes in bed slope, 

bankfull width (Wbf), bankfull depth (Dbf), and representative bed material size, which for a river 

with a gravel/cobble substrate is taken as the size at which 90% of material is smaller (d90).  

Using these factors, five geomorphic units were identified and named (Fig. 4.1). Starting at the 

upstream end, the first unit is named Narrows Gateway.  It is a cobble bar/fan complex that 

forms a Class III whitewater rapid at the confluence of Deer Creek and the Yuba.  The bar/fan 

complex ends at a constriction associated with a large bedrock peninsula.  The second unit is 

named S-turn, because the flow is forced to bend around a sequence of four alternating bedrock 

outcrops.  There are two large gravel/cobble bars in S-turn.  This unit ends at the major valley 

constriction previously described in section 2.  At this point the narrow valley becomes an even 

narrower canyon with high walls.  The narrow canyon is divided into two geomorphic units on 

the basis of slope, depth (D), and d90/D.  First is the Class IV whitewater rapid herein named 

Skinny Escalator.  This unit is narrow, shallow, steep, and strewn with large emergent and 

partially submerged boulders.  After that there is a calm stretch of deeper water called Narrows 

Respite that still moves at a moderate velocity due to low width.  Few emergent or partially 

submerged boulders are present. Where there is one such cluster, a small rapid is present.  
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Finally, the Narrows Reach ends with the large Narrows Pool.  Valley width expands in the pool, 

but the defining aspect of the pool’s terminus is taken to be the presence of an emergent 

gravel/cobble lateral bar on river left at low flow.  That denotes the onset of Timbuctoo Bend. 

Only the first two NR geomorphic units presently contain alluvial bars with gravel and 

cobble, so those were the areas focused on for detailed analysis for potential river rehabilitation.  

Each of those geomorphic units was investigated independently, since they are divided by a 

width constriction.  For this purpose, the 2009 National Agricultural Imagery program (NAIP) 

aerial photo of the NR was used (Fig. 1.1), since that is the most recent imagery available.  First, 

polygons were carefully drawn around the alluvial area of each unit and the total area 

determined.  Second, the valley centerline length was measured.  Third, the mean width was 

calculated by dividing total area by centerline length.  Fourth, the height change was estimated 

using the Army Corps 1999 2’ contour map of the terrestrial land in the Narrows.  In that 

mapping effort, no bathymetric surveying was done in the EDR or NR.  However, it is possible 

to identify the contour line closest to the water’s edge and get its elevation (NGVD29 datum 

converted to NAVD88 by Dr. Pasternack’s lab group in 2007).  Such near-edge water surface 

elevations were obtained at the top and bottom of each unit and the difference calculated.  For 

the Narrows Gateway unit, 1.3’ of height was subtracted from the total calculated, because in 

Pasternack (2010) that much height is reserved for use in rehabilitating the Sinoro Bar area.  

Finally, the water surface slope available for use in river rehabilitation was calculated as height 

change divided by centerline length.  Final results of the analysis are presented by Table 4.1. 
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Figure 4.1. 2009 NAIP aerial photo of the Narrows Reach showing geomorphic-unit 

delineations and establishing a nomenclature for the individual features at this spatial scale. 
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Table 4.1. Results of spatial geomorphic analysis of the Narrows Reach. 

 

4.1.1. Narrows Gateway 

The Narrows Gateway geomorphic unit is influenced by several independent 

hydrogemorphic controls.  Both the Yuba River and Deer Creek directly contribute flow and 

sediment into it.  Two different physical valley constrictions may play a role in controlling the 

stage associated with the discharge input.  There are two bedrock outcrops at the end of the 

geomorphic unit that constrict the channel.  Since these outcrops are high, they produce a stage-

independent areal constriction until they are overtopped.  Down in S-turn there is a second 

constriction that is much narrower at low flow (Fig. 4.2), but since the north side of the channel 

is a lateral bar at that location, the constriction effect decreases as stage increases.  Without doing 

2D modeling it is not possible to ascertain the relative roles of each. 

In terms of hydraulic-unit scale features in the Narrows Gateway, a site recon and aerial 

photo interpretation were used to visually estimate what was present (Fig. 4.2-4.3).  The 

morphological unit classification of Pasternack (2008b) was used to define these units at the 0.1 

to 1 W spatial scale.  Given the steep slope of the channel here and the constricting role of the 

cobble bar, the features are primarily high-velocity units – rapids, chutes, and runs.  The two 

pools are forced by bedrock outcrops and are deep.  In the side channel there is riffle habitat, but 

the flow is regulated by Lake Wildwood on Deer Creek.  Vegetation has grown onto much of the 

bar, indicating that it is not actively changing in recent years. 

 



Estimate of the Number of Spring-Run Chinook Salmon Supportable by  
River Rehabilitation in the Narrows Reach of the Lower Yuba River 

    13

 

Figure 4.2. 2007 aerial photo of Narrows Gateway showing the interpretation of features at the 

hydraulic-unit scale. 

 

 

Figure 4.3. High oblique view of Narrows Gateway taken on 11/29/2006. 
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4.1.2. Narrows S-turn 

The aerial photo of Narrows S-turn shows several large bedrock outcrops and alluvial 

bars, but it does not give much of an impression of the flow pattern (Fig. 4.4).  At ground level, 

the flow is seen to contort around the alternating bedrock outcrops, hence the name.  The 

locations of two large cobble bars are indicative of the spatial variation of flow on the receding 

limb of mobilizing floods.  The upper bar is along the bank located in the lee of the first bedrock 

outcrop on the north side of the river.  That outcrop is a high peninsula that pushes flow to the 

south side where a deep scour hole has formed.  The lower bar is in the center of the channel in 

the transitional area where width is decreasing steadily to the narrowest constriction at the end of 

the unit (Fig. 4.5).  The main channel drops over a rapid and then is entrenched into alluvium on 

river left along the medial bar, while the side channel is at a higher elevation and more gradually 

drops along its length.  The S-turn medial bar is widest in the widest part of the channel and 

narrows as the channel narrows (Fig. 4.4).  The north side of the bar that is in the lee of another 

large bedrock outcrop on the north side of the channel is the highest area and is stable enough to 

have a dense cluster of willows (Fig. 4.6).  The side channel to the north of the medial bar has an 

excellent diversity of SRCS physical habitat conditions for all lifestages, except that the substrate 

is overly coarse.  Backwater and bank areas have microhabitat suitable for rearing.  There is a 

deep pool in which several SRCS adult spawners were observed to hold, and down the side 

channel there is shallow, swift flow diverging over a riffle crest suitable for spawning and 

embryo incubation.  No redds were observed there in the 2009-2010 survey and none on the 

recon visit on 10/1/2010.  However, several adult SRCS were observed going in and out of the 

pool at the upper end and one adult fish was observed swimming around the lower end of the 

side channel. 
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Figure 4.4. 2007 aerial photo of Narrows S-turn showing the interpretation of features at the 

hydraulic-unit scale. 



Estimate of the Number of Spring-Run Chinook Salmon Supportable by  
River Rehabilitation in the Narrows Reach of the Lower Yuba River 

    16

 

Figure 4.5. High oblique view of Narrows S-turn and the top of Skinny Escalator taken on 

11/29/2006.  This view highlights the width constriction causing the deposit of the medial bar 

and shows the relative incision of the main channel compared to the side channel. 

 

Figure 4.6. Medial cobble bar near the end of Narrows S-turn. 



Estimate of the Number of Spring-Run Chinook Salmon Supportable by  
River Rehabilitation in the Narrows Reach of the Lower Yuba River 

    17

4.2. Narrows Reach 2009 Redds 

The RMT has established a standard protocol for mapping all observed redds on the 

entire LYR in translucent water depths on a weekly basis.  The protocol is available at 

http://www.yubaaccordrmt.com.  Using this procedure, 84 redds were observed in the Narrows 

Reach between September 2009 and March 2010 (Fig. 4.7).  The redds are concentrated in two 

primary and two secondary areas.  One primary area was the side channel in Narrows Gateway.  

This is the area that receives a high outflow from Deer Creek during flushing operations in Lake 

Wildwood every October, which happens to be the peak of fall-run Chinook salmon spawning.  

Spawners were distributed all down the length of the side channel.  The other primary area was 

the second rapid entrance in Narrows S-turn.  At this site 2009 spawning was densely packed 

into a small area.  This site was visited in 2010 during the period of phenotypic SRCS spawning 

and 25 adult spawners were directly observed (Fig. 4.8), with indications of many more present 

holding in the pool upstream of the site and in the other nearby pool to the north behind the large 

bedrock peninsula.  In Figure 4.8 several fish are clearly discernable as well as a clean gravel 

substrate.  Besides these primary spawning areas, there is a small amount of spawning on the 

large lateral bar on the north side of S-turn and at the top of the medial bar, where a submerged 

finger of the bar composed of gravel creates riffle-like habitat as water flows into the side 

channel. In the 2010 recon for this study, a large SRCS redd was observed at this location and 

several SRCS spawners were observed in this area and moving around nearby (Fig. 4.9).  A 

movie was made of their activity.  It appeared that the fish were all moving to the exact same 

spot with excellent microhabitat hydraulics, but that spot was devoid of suitably sized gravel, 

because it had all already been used in a large redd just downstream. 
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Figure 4.7. 2007 aerial photo of Narrows Gateway and S-turn showing the locations of redds in 

the September 2009 to March 2010 spawning period. No redds were observed in the other NR 

geomorphic units. (data courtesy the LYR Accord RMT) 

 

Figure 4.8. Photo of dense (phenotypic) SRCS spawning activity on 10/1/2010 at the second 

rapid entrance in the Narrows S-turn geomorphic unit. 
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Figure 4.9. Photo of an adult SRCS (center of photo) hovering at the point of optimal 

microhabitat hydraulics where the substrate is on the coarse side for preferred spawning. A large 

redd composed of suitably sized gravel/cobble is present in the center right of the photo. 

5. NARROWS REACH HISTORICAL ANALYSIS 

Although knowledge of the current condition of the Narrows Reach is important baseline 

information for river rehabilitation, natural processes and human impacts are often revealed 

through a historical analysis of available information.  In this case, the primary source of 

historical information is aerial photos taken at irregular intervals since 1937.  Pasternack et al., 

(2010) used this set of images to investigate the history of Sinoro Bar, but the same set as well as 

a few others not used in that study also captured the Narrows Reach.  This is the first time the 

historical aerial imagery of the NR has been analyzed.  Photo interpretation was used to 

determine what landforms and physical habitat conditions were present historically.  Substrate 

size classes (e.g., boulder, cobble/gravel, sand/mud), grain turnover, water turbidity, and 
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presence/absence of vegetation are visually evident in the photos.  For all discharges reported 

below, values were taken from the USGS Smartville gage only, neglecting the Deer Creek gage.  

The objective of this part of the study was to characterize historical changes in the NR to 

determine the history of sediment storage there and the extent to which fluvial landforms have 

changed with changes to sediment storage and in response to large floods. 

5.1. Reach-scale Channel Change 

At present the NR has relatively little gravel on the surface of the riverbed, especially 

downstream of S-turn, but that was not the case historically.  We know from historical 

documents that an alluvial bar called Landers Bar was present in the NR (not the EDR) and that 

it was mined for gold.  According to local landowner Ralph Mullican, gold miners built a wing 

dam at the mouth of Deer Creek in the ~1860s to help their effort to turn over gravel and larger 

rocks to get to the bottom.  A derrick was used there to drag rocks onto the wing dam. Many 

such large rocks have hand-drilled holes in them for black powder.  The first available aerial 

photo of the reach dates to October 21, 1937, which had a low flow of 140 cfs (Fig. 5.1).  In that 

photo the water is turbid despite being in the dry season and there are many emergent alluvial 

bars throughout the NR.  The emergent bars include point bars associated with constrained 

meandering in a narrow valley.  These bars are mostly devoid of vegetation, indicating that they 

are active.  Bedrock outcrops are very limited and in a few places only the very tops of modern 

outcrops poke out above the deep alluvial fill.  Where the Narrows Pool is presently located, the 

riverbed is almost completely filled in, with half the width of the channel exhibiting a large 

emergent lateral bar.  According to Physical Geography Prof. Allen James of University of South 

Carolina, during the era of intensive hydraulic mining in the Blue Point Mine area just 

downstream of the NR, alluvium fully blocked the flow of the river causing a lake to form and 

back up into the NR.  He has observed backwater lake deposits up on the hillside in recent years.  

The 1937 photo does not exhibit any evidence of whitewater rapids in the NR.  Taken together, 

these indicators lead to the conclusion that in 1937 the NR had a fully alluvial riverbed with 

some emergent floodplains constrained by bedrock walls. 

In December 1937 and January 1943, large floods of 74,200 and 81,100 cfs, respectively 

(Smartville gage only; not considering Deer Creek) went through the NR.  Englebright Dam 

began operation in 1942.  Thereafter, the next available aerial photo is from February 22, 1947 
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(Fig. 5.1).  That photo was taken at a higher turbid flow (1,500 cfs) in winter and it is a lower 

quality image, but important indicators are present. First, there are still emergent alluvial bars 

throughout the NR.  Second, there is a large amount of alluvial at the mouth of Deer Creek and 

the flow is over the north side of the channel suggesting that the channel incised, leaving the 

deposit at the confluence at a higher emergent elevation.  Third, the bedrock outcrops are more 

prominent.  Fourth, gold dredgers had worked over the emergent lateral bar flanking the lower 

part of Narrows Pool and up into the Blue Point Mine canyon.  Unfortunately, the water turbidity 

and high flow make it difficult to determine if any whitewater rapids are present in the NR, but 

highly visible tree shadows over the water in Skinny Escalator and Narrows Respite suggest that 

no rapids were there, because whitewater would not reflect such strong shadows.  Taken 

together, these indicators lead to the conclusion that by 1947 the NR had incised substantially, 

but that the riverbed was still predominantly alluvial with no rapids. 

On November 21, 1950 there was a flood of 109,000 cfs on the Yuba.  The next aerial 

photo is from July 16, 1952 (2,860 cfs), and it shows dramatic change (Fig. 5.1).  For the first 

time, the water looks black, indicating that it is translucent, not turbid.  Also, no emergent 

alluvial bars are evident in Skinny Escalator or Narrows Respite.  Bedrock outcrops in Narrows 

Gateway and S-turn are very prominent.  An abrupt increase in water depth is evident at the 

constriction between S-turn and Skinny Escalator. The dredger tailings flanking Narrows Pool 

have mostly been swept away.  Taken together, these indicators lead to the conclusion that by 

1952 Skinny Escalator and Narrows Respite had lost the majority of their alluvial fill and the 

other geomorphic units had incised substantially, though not as much. 

Unfortunately, there is a gap in the imagery from 1952-1984.  In that period there were 

five large floods between 86,000 and 171,000 cfs.  According to local landowner Ralph 

Mullican, a bulldozer was brought into the EDR in 1960, followed by an excavator in the 1970s.  

The machinery was used to access underlying gold-bearing gravel.  The excavator was also used 

to divert the Yuba down a newly deepened channel on the south bank of the river.  Photos and 

movies of such activities are available by contacting Mr. Mullican.  The aerial photo from June 

28, 1984 shows that Skinny Escalator and Narrows Respite had essentially arrived at the 

condition we see them in now, 26 years later (Fig. 5.2).  The bedrock outcrops in Gateway and S-

turn are also as prominent as they appear now.  The alluvium in the upper half of Narrows Pool 

is no longer visible and the emergent lateral bar in that area eroded away, but swift currents 
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visible in the photo suggest that the water is shallow there. 

After the 100,000 cfs flood of February 19, 1986 there was not much change (Fig. 5.2).  

No other large events occurred, so the 1991 and 1996 aerial photos look similar.  An important 

indicator shared by the 1986, 1991, and 1996 photos is that there is strong visual evidence of an 

alluvial riffle midway down the Narrows Pool. 

The next big flood was a rain-on-snow event on January 2, 1997.  The next photo 

thereafter is from the Army Corps topographic survey in 1999 (Fig. 5.2).  In that photo the pre-

existing riffle midway down the Narrows Pool is gone and there is now a very deep scour pool 

instead.  This has been the condition of the Narrows Pool ever since. 

Overall, the reach-scale historical aerial photo analysis revealed that erosion and incision 

took place steadily over time in the NR.  By 1952 Skinny Escalator and Narrows Respite had lost 

the majority of their alluvial fill (Fig. 5.1).  By 1984, bedrock outcrops had reached their final 

prominent stature and emergent bars in gateway and S-turn were mostly as they appear now.  By 

1999, Narrows Pool had achieved the current deeply scoured condition, and that took place by an 

entirely natural process (Fig. 5.2).  There is no photo evidence of in-channel dredger mining 

occurring in Narrows Pool.  A more detailed consideration of conditions and changes in Narrows 

Gateway and S-turn is presented next. 
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Figure 5.1. Comparison of NR aerial imagery 1937-1952. 
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Figure 5.2. Comparison of selected NR aerial images 1984-2007. 
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5.2. Geomorphic-Unit Scale Channel Change 

Based on the reach-scale historical analysis, the Narrows Gateway and S-turn 

geomorphic units have always had alluvium in them, even prior to hydraulic gold mining.  When 

designing a river rehabilitation project for these units, knowledge about what morphological 

units are sustainable is helpful.  Therefore, the historical aerial imagery was cropped down to 

these units and given closer inspection.  The objective is to ascertain how dynamic 

morphological units have been in those areas. 

Figures 5.3, 5.4, and 5.5 show a subset of the images cropped to the two upper 

geomorphic units.  Despite the significant incision that took place over 70 years of imagery, 

several of the alluvial features have shown resilience and remained present.  In the 2007 photo, 

there are three major emergent bars.  All of them are present in every photo over 70 years.  The 

bar at the confluence with Deer Creek was a lateral bar in the 1937 and 1947 photos, but 

thereafter there is a single isolated low-flow side channel that captures the outflow from Deer 

Creek along the south side of the channel.  The lateral bar on the north side of the river in S-turn 

that is in the lee of a large bedrock outcrop was a medial bar in 1937, but once the river incised 

enough for the outcrop to control hydraulics there, the bar shifted behind the outcrop where it has 

stayed ever since.  The medial bar at the end of S-turn has also persisted and its shape has shown 

relatively little change.  In 1937, 1984, and 1986 it was shorter, while in all other years it had a 

tail.  Present-day vegetation on that bar was not there in the 1952 photo, but was present by 

1984.  Since then it has expanded, indicating that the bar top is stable, with the stability aided by 

the vegetation.  The present-day rapid at the head of Narrows Gateway was a less steep riffle that 

was stable in 1937-1996 despite floods and incision.  The riffle was replaced by a rapid in the 

1999 photo, so it must have been changed by the 1997 flood or possibly by artificial activity.  

Finally, there appears to have been a riffle in the transition between S-turn and Skinny Escalator 

over the last 70 years.  Overall, the morphological units in Narrows Gateway and S-turn have 

been remarkably stable since 1937 despite dramatic channel incision.  The explanation is that the 

bedrock outcrops in S-turn and the valley width oscillations throughout the reach impose a 

persistent suite of hydraulic controls that stabilize the morphology of geomorphic units in the 

NR.  Unfortunately, it is not possible to discern much about riverbed grain size in the NR, but it 

is likely that the bars have coarsened and armored somewhat, based on what was observed 

during the recent site recon. 
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Figure 5.3. Comparison of aerial imagery of the top area of the NR 1937-1952. 
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Figure 5.4. Comparison of aerial imagery of the top area of the NR 1986-1996. 



Estimate of the Number of Spring-Run Chinook Salmon Supportable by  
River Rehabilitation in the Narrows Reach of the Lower Yuba River 

    28

 

Figure 5.5. Comparison of selected aerial imagery of the top area of the NR 1999-2007. 
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6. NARROWS REACH ENHANCEMENT VISION 

At present the Narrows Reach includes two geomorphic units with alluvial landforms 

capable of supporting SRCS adult holding, spawning, and embryo incubation freshwater 

lifestages.  A small number of Chinook salmon have been observed spawning in the NR in the 

2009-2010 and 2010-2011 spawning seasons.  Historical analysis has revealed that the landforms 

in these geomorphic units have been resilient in the face of erosion and channel incision caused 

by the return of the river to a condition similar to its pre-mining status due to Englebright Dam 

blocking hydraulic mining debris from continuing to snuff the river valley, as it had prior to the 

dam’s construction (Gilbert, 1917).  The resiliency is due to the role of valley width oscillations 

and large bedrock outcrops that yield a persistent spatial pattern of hydraulic convergence and 

divergence (MacWillliams et al., 2006; Sawyer et al., 2010; White et al., 2010). 

Despite the resilience in the NR, there are two discernable problems that are limiting 

natural SRCS production there, and both problems are solvable using river rehabilitation 

methods.  The first problem has to do with the history of the NR filling with mining waste and 

then having the river incise back through it.  When a river cuts down in this manner, previously 

active areas of the riverbed become high bars, islands, and terraces in the channel.  They also can 

become excessively stabilized by vegetation, delaying the natural recovery process.  The 

problem is that these features in the Narrows Gateway and S-turn units are taking up a 

disproportionate area of the channel, thereby constricting the remaining wetted areas.  This 

causes these units to have narrow, moderately deep, and fast rapids, instead of riffles.  Over 

geologic time, such features naturally come and go with glacial cycles.  In this case, the problem 

was caused by anthropogenic impact (hydraulic gold mining) and it is appropriate and beneficial 

to undo that damage by hastening the natural recovery process with an active river rehabilitation 

project.  Such a project would not only undo the historic damage, but it could also be designed in 

a way that is both geomorphically sustainable and biologically enhanced to support SRCS. 

The second problem has to do with the fact that as the riverbed has incised, the surface 

has also coarsened, in a process known as armoring.  Not only are the individual particles on the 

bed surface coarser than the natural bed material load, but the surface of the emergent bars 

exhibits a feature called “imbrication”, in which large particles become stacked up against each 

other oriented with the flow.  This stacking makes the bed more resistant to erosion.  In the 

absence of any test pit data of the underlying sediment, it is unclear how armored the river has 
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become; however, the site recon did find some areas that were not armored, and those were being 

heavily used by SRCS spawners at that time.  Other areas that were hydraulically preferable for 

spawning did not have adults active there, because the substrate was obviously too coarse. 

Besides the natural process of coarsening as a river incises, there are anthropogenic 

factors contributing to this problem.  Ever since the discovery of gold in the Yuba, gold miners 

have manipulated the sediment in the river by hand and machine.  They built dams and 

diversions, used explosives, and redirected flows.  Pasternack et al. (2010) reported that 

mechanized mining was responsible for altering and degrading Sinoro Bar just upstream of the 

NR.  In that process, a bulldozer was used to move cobbles and boulder out of the way to get to 

underlying gold-rich gravels.  Dislodging material and putting very coarse particles up above the 

ambient bed would make them much more susceptible to transport downstream into the NR, 

where they would be captured onto the bars during large floods.  Even though Englebright Dam 

is providing the major benefit of annually holding back an additional 477,184 yds3 of hydraulic 

mining waste and other sediment settling into the reservoir (Childs et al., 2003), the total absence 

of any EDR sediment inputs is a cause of armoring.  With the available information there is no 

way to precisely partition blame. 

Regardless of who is at fault, the opportunity exists to do a rehabilitation project that 

substantially enhances the geomorphic units in the Narrows Reach beyond its observed historical 

and present natural capability.  The Watershed Hydrology and Geomorphology Lab in the 

Department of Land, Air, and Water Resources at UC Davis has been designing spawning 

habitat rehabilitation projects since 1999 using the Spawning Habitat Integrated Rehabilitation 

Approach (SHIRA) described by Wheaton et al. (2004a) (Fig. 6.1).  Over the years, testing of 

numerous gravel-contouring schemes in 2D models and in actual construction (Wheaton et al., 

2004b; Elkins et al., 2007; Pasternack, 2008a) has yielded a conceptual understanding of 

expected hydraulic attributes, geomorphic processes, and ecologic benefits.  Specific design 

examples are illustrated on the SHIRA website at http://shira.lawr.ucdavis.edu/casestudies.htm.  

The website also provides peer reviewed scientific reports and journal articles that have 

thoroughly vetted the SHIRA framework. 

This section of the report presents concepts for what actions could be taken.  It is beyond 

the scope of this study to perform detailed design development.  This is a brainstorm of 

opportunities and constraints. 
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Figure 6.1. General schematic illustrating what is involved in the SHIRA framework. 

6.1. Project Goals 

The geomorphic goal of the potential river rehabilitation project is to re-shape the 

landforms in the Narrows Gateway and Narrows S-turn geomorphic units to redistribute the 

slope, expand the wetted width, and reduce riverbed surficial grain sizes in support of having 

larger riffle areas, while also retaining the existing self-sustainability of the landforms by 

designing in harmony with the controlling valley width oscillations and bedrock outcrops. 

The ecologic goal of the potential river rehabilitation project is to enhance meso- and 

micro-scale physical habitats for the freshwater lifestages of anadromous salmonids, 

particularly SRCS. 
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6.2. Design Objectives And Hypotheses 

A design objective is a specific goal that is aimed for when a project plan is implemented.  

To achieve the objective, it has to be translated into a design hypothesis.  According to Wheaton 

et al. (2004b), a design hypothesis is a mechanistic inference, formulated on the basis of 

scientific literature review and available site-specific data, and thus is assumed true as a general 

scientific principle.  Once a design hypothesis is stated, then specific morphological features are 

designed to work with the flow regime to yield the mechanism in the design hypothesis.  Finally, 

a test is formulated to determine after implementation whether the design hypothesis was 

appropriate for the project and the degree to which the design objective was achieved.  Through 

this sequence, a process-oriented rehabilitation is achieved.  From the mathematics of differential 

equations, it is evident that processes derive from the physics of motion, input conditions, and 

boundary conditions.  Changes to either input or boundary conditions impact processes, so it is 

possible and appropriate to design the shape of the riverbed to yield specific fluvial mechanism 

associated with desired ecological functions. 

The design objectives and associated information for potential NR river rehabilitation are 

enumerated in Tables 6.1 and 6.2.  These tables provide a transparent accounting of the 

objectives, hypotheses, approaches, and tests for the effort. From this point the next step would 

be to work up detailed design alternatives to determine how best to implement the proposed 

approaches. 
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Table 6.1. Design objectives and hypothesis 1-4 for a potential NR river rehabilitation project. 
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Table 6.2. Design objectives and hypothesis 5-8 for a potential NR river rehabilitation project. 
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7. ESTIMATED POTENTIAL SRCS SUPPORTED 

There is no single correct method for predicting what the SRCS population supportable 

by a rehabilitation project in the Narrows Reach would be at this stage of design development.  

Choices in the design process can enhance or detract from estimates.  The approach used here is 

identical to that used in Pasternack (2010), which involved evaluating the relation between site 

conditions and redd occurrence, and then relating redd occurrence to the supportable SRCS adult 

population (Fig. 7.1).  Making an estimate of the number of redds to occur in a channel area 

comes down to picking two things: redd density (sum of occupied and unoccupied channel 

surface area (m2) per redd) and area of riffle habitat.  For redd density, the same set of six values 

was used as in Pasternack (2010).  For riffle area, two different values were used.  Since both 

geomorphic units have an excess of available slope, the full length and area is available for riffle 

habitat creation, if desired.  However, it is common and appropriate to create a mosaic of 

hydraulic units, so an area estimate holding back 20% of the total area for non-riffle units was 

calculated and used.  Overall, this approach yielded an array of 12 different redd abundance 

estimates for each geomorphic unit.  Finally, the spawner:redd ratios of 4:1 and 2:1 used in 

Pasternack (2010) were applied to convert redd abundance estimates to estimates of SRCS 

supported.  The 4:1 ratio is the more realistic value for the LYR, but it helps to have a 

conservative value as well. 
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Figure 7.1 Flowchart illustrating the calculation procedure for estimating the potential number 

of SRCS supported through physical habitat rehabilitation in a channel area. 

7.1. Narrows Gateway SRCS Estimate 

The range of redd abundance estimates for the Narrows Gateway unit are presented in 

Table 7.1.  The full range is 692-2,853 redds, but following the same reasoning as used in 

Pasternack (2010a), the best estimate is 1,141 redds.  Applying the 4:1 and 2:1 spawner:redd 

ratios to that value yields 4,564 and 2,282 adults, respectively.  If the most conservative set of 

assumptions is used, then the number of adults supportable in Narrows Gateway is estimated to 

be 692*2= 1,384 adults.  That is still a large number of SRCS. 
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Table 7.1. Estimated number of redds produced for Narrows Gateway using different sets of 

assumptions. 

 

7.2. Narrows S-turn SRCS Estimate 

The range of redd abundance estimates for the Narrows S-turn unit are presented in Table 

7.2.  The full range is 752-3,101 redds, but following the same reasoning as used in Pasternack 

(2010a), the best estimate is 1,240 redds.  Applying the 4:1 and 2:1 spawner:redd ratios to that 

value yields 4,960 and 2,480 adults, respectively.  If the most conservative set of assumptions is 

used, then the number of adults supportable in Narrows S-turn is estimated to be 752*2= 1,504 

adults. 

In summary, the most reasonable and most conservative estimates for the total number of 

SRCS potentially supported by rehabilitating the top two geomorphic units in the Narrows Reach 

are 9,524 and 2,888, respectively.  Both of these estimates meet the HET criteria. 
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Table 7.2. Estimated number of redds produced for Narrows S-turn using different sets of 

assumptions. 

 

8. ACCOUNTING FOR REGIONAL LIMITING FACTORS 

Pasternack (2010) described an alternate method for evaluating the benefits of river 

rehabilitation on the LYR taking into account regional limiting factors.  The calculation involved 

starting with the actual observed maximum population of spawning Chinook salmon on the LYR 

in the era of modern observation since 1953 (40,000 adults), multiplying it by the fraction of 

spawners utilizing riffles (0.69), then multiplying that product by the estimate of the fraction of 

the total LYR (38 km) that is riffles (either 0.09 or 0.18) to arrive at the density of spawners per 

km of the LYR.  Then the length of the rehabilitation site is multiplied by this fish density to 

arrive at the final estimate of SRCS supported in a run-limited condition (Fig. 8.1).  The 

important point about this computation is that it has nothing to do with the local physico-

chemical potential of the project area to support SRCS, and instead considers the larger problem 

of regional limiting factors on population size to get at the likely amount of individual Chinook 

salmon served by the site. 

For the Narrows Reach, the estimation procedure yields a significant number of SRCS 

supported in a run-limited condition.  The total length of the NR geomorphic units suitable for 

rehabilitation is 0.5425 km.  The reason there are two estimates for the fraction of the LYR that 

is riffles is that this number has not been accurately estimated just yet (available by January 2011 
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most likely); it has only been estimated for Timbuctoo Bend.   If the same fraction of the whole 

LYR is present as riffles as found in Timbuctoo Bend, then the estimated number of SRCS 

supported is 2,189 spawners.  The more likely case is that the whole LYR has about half the 

length of riffles as Timbuctoo Bend, so in that case the estimated number of SRCS supported is 

4,378 spawners.  Either way, both values meet the HET criteria 

 

Figure 8.1. Flowchart illustrating the calculation procedure for estimating the run-limited 

number of SRCS supported through physical habitat rehabilitation in a channel area. 
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Appendix L   
Potential Juvenile Rearing Habitat Expansion 

Actions in the Lower Yuba River 

 
Aquarium Pool  
Photo courtesy of William T. Mitchell, ICF International, 2008 

L.1 Description 

The juvenile rearing habitat expansion actions (potential actions) address 
historical reductions in off-channel rearing habitat that currently limit production 
and life history variability of juvenile spring-run Chinook salmon and steelhead 
in the Lower Yuba River (Figure L-1).  The South Yuba River Citizens League 
(SYRCL) recently prepared a proposal that focuses initially on planning and 
design for restoration of off-channel rearing habitat in the 3-mile reach below the 
Highway 20 Bridge (cbec 2010).  This is considered a key reach for restoration 
because of its proximity to the primary spring-run Chinook salmon and steelhead 
spawning reaches, favorable rearing temperatures, and the limited extent of off-
channel habitat. The juvenile rearing habitat expansion actions discussed here 
would complement a current Anadromous Fish Restoration Program (AFRP)-
funded pilot restoration project and utilize a 180-acre conservation easement on 
land in the Yuba Goldfields owned by Western Aggregates.  The general targets 
identified by SYRCL for the initial phase of the action are restoration of 5 acres 
of backwater or side-channel habitat and restoration of 50 acres of functional 
floodplain with enhanced riparian habitat.  
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Figure L-1.  Location of Potential Juvenile Rearing Habitat Expansion Actions in the Lower Yuba River
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The goal of off-channel habitat enhancement is to increase the rearing capacity of 
the Lower Yuba River to support an increase in production of juvenile spring-run 
Chinook salmon.  The potential actions for achieving this goal would connect, 
expand, and enhance existing off-channel habitats that, under existing conditions, 
have limited rearing potential because of their size, water depths, cover 
characteristics, and degree of connectivity with the main river.  Potential 
expansion and restoration sites include abandoned river channels, overflow 
channels, flood swales, and associated backwaters that have been the subject of a 
fish stranding study since 2007 (Mitchell pers. comm.).  In addition to 
investigating the factors influencing stranding risk, this study provided evidence 
of the significant rearing potential of off-channel habitats for Chinook salmon in 
the Lower Yuba River. 

The primary objectives of the potential actions would be to improve the 
connectivity of existing off-channel habitats with the main river, and increase the 
quantity and quality of these habitats for spring and summer rearing of spring-run 
Chinook salmon.  The key sites for this effort are abandoned river channels, 
overflow channels, and flood swales that are disconnected from the main river at 
their upper ends but support groundwater-fed channels in their lower reaches at 
summer and fall flows.  Aerial photography and extensive field surveys of off-
channel habitats since 2007 have revealed that these are common natural features 
of the Lower Yuba River floodplain.  These off-channel areas are frequently 
connected to the main river during high winter flows, providing access for 
Chinook salmon fry that seek out shallow, lower-velocity shoreline and 
floodplain areas following emergence. 

Following high winter flows, fish stranding surveys indicate that the quality of 
off-channel habitat varies as a function of water depth, cover availability, water 
quality, and the presence or absence of predators (Mitchell pers. comm.).  Many 
of the surveyed floodplain habitats support fry for variable periods of time 
following winter flows but do not provide suitable rearing habitat after flows 
recede because they become too shallow, too warm, or lack sufficient cover to 
protect fry from piscivorous birds and other predators.  However, long-term 
monitoring of several isolated groundwater-fed channels in 2008 confirmed that 
some sites can support high densities and growth of juvenile salmon and other 
native fish species through the spring and summer (Mitchell pers. comm.).  
Habitat conditions that appear to be important for extended off-channel rearing 
are the presence of groundwater flow, sufficient water depths, riparian and 
aquatic vegetation, and the absence of large predatory fish (e.g., pikeminnow). 

While floodplain and off-channel habitats are sources of stranding mortality, 
recent studies have documented significant growth and potential survival benefits 
associated with floodplain and off-channel habitat use by Chinook salmon in the 
Central Valley (Limm and Marchetti 2009; Jeffres et al. 2008; Sommer et al. 
2001, 2002).  Compared to main channel habitats, important attributes of 
floodplain habitat generally include warmer water temperatures, abundant 
vegetation, higher prey densities (aquatic insects), lower water velocities, and 
lower predator abundance.  Consequently, floodplain and other off-channel 
habitats serve important refuge and rearing functions for native fishes; these 
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habitats likely contributed substantially to the productive capacity and life history 
diversity of Chinook salmon and other fish species in the Sacramento River 
system before large-scale channel modifications, levee construction, and 
agricultural conversion of floodplains (Lindley et al. 2009, Yoshiyama et al. 
1998).  In gravel-bed rivers like the Yuba River, off-channel habitats serve 
similar ecological functions and may be especially important for juvenile salmon 
production, given historical reductions in floodplain habitat throughout the lower 
reaches of the Sacramento River system. 

L.1.1 Proposed Design Concept for Juvenile 
Rearing Habitat Enhancement 

The general design concept for rearing habitat enhancement involves excavating 
and lowering the outlets and interiors of selected overflow channels, flood 
swales, and isolated groundwater channels and ponds to connect these features to 
the main river and increase the area of suitable water depths and cover for the 
target species and life stages.  The upper portions of the bars or inlets leading to 
these off-channel habitats would remain undisturbed to preserve the natural 
surface and groundwater flow characteristics of the site.  A key design feature is 
the alignment of off-channel habitats along existing overflow channels and 
riparian vegetation to capitalize on the natural habitat-forming processes inherent 
at these locations, as well as minimize the volume of material that would need to 
be excavated to achieve the desired elevations.  Large boulder and/or wood 
complexes would be installed, as needed, to control flows, promote scour, and 
maintain habitat diversity in areas devoid of existing riparian vegetation or other 
geomorphic controls (e.g., bedrock).   

Figure L-2 shows the locations of six potential rearing habitat expansion sites 
identified by the Licensees and described below.  Figures L-3 through L-6 
illustrate the general concepts for these six sites.  Selection criteria for these sites 
included detectable surface water and groundwater flow, presence of riparian 
and/or aquatic vegetation, proximity to the main channel, and construction 
access.  These sites also were identified because juvenile salmonids and suitable 
summer water temperatures have been documented at these sites during recent 
off-channel stranding surveys (Mitchell pers. comm.).   
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Figure L-2.  Potential Juvenile Rearing Habitat Expansion Sites (in blue)
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Hammon Bar Side Channel  
Photo courtesy of William T. Mitchell, ICF International, 2007 

 Sites 1a and 1b – Hammon Bar (Figure L-3).  The western end of 
Hammon Bar is characterized by a series of remnant channels that intersect 
the bar and lead to a large side channel sustained by groundwater flows from 
the river and the Yuba Goldfields.  This side channel supports high densities 
of juvenile Chinook salmon, steelhead, and other native fishes during spring 
and summer.  Off-channel rearing habitat could be created by excavating two 
to three channels along the alignments of the remnant channels and 
preserving the existing riparian vegetation bordering these channels. 
Approximately 4,000 m2 would be available as juvenile rearing habitat at 
Site 1a, and approximately 4,200 m2 would be available at Site 1b. 

 

 

Figure L-3.  Off-Channel Habitat Enhancement Concept at Hammon Bar 
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 Site 2 – Lost Island (Figure L-4).  This bar is characterized by two large 
interconnected flood channels that, during low flows, become a series of 
isolated ponds and depressions formed by flood scour at the base of the 
existing riparian vegetation.  Stranding of juvenile salmonids is frequently 
observed here because of the frequency of inundation and presence of low-
velocity cover (Mitchell pers. comm.).  Lowering the bed along the existing 
flood swales would eliminate the stranding risk and create off-channel 
rearing habitat.  Approximately 8,300 m2 would be available as juvenile 
rearing habitat at Site 2.  Large boulder and/or woody complexes may be 
needed along portions of the channels to promote scour, enhance habitat 
quality, and ensure connectivity with the main river at low flows. 

 

 

Figure L-4. Off-Channel Habitat Enhancement Concept at Lost Island 
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 Sites 3a and 3b – Lower Gilt Edge Bar (Figure L-5).  Site 3b consists of a 
relatively deep scour feature associated with a band of riparian vegetation 
adjacent to the main river.  The site is noteworthy because of significant 
groundwater flow and documentation of relatively high densities and growth 
of juvenile Chinook salmon through summer and fall 2008.  The existing 
habitat would be expanded by removing the sediment plug at the outlet and 
extending the channel upstream along the existing flood swale.  The channel 
area that would be available as juvenile rearing habitat at Site 3b is 
approximately 2,000 m2. 

Additionally, the potential exists for creating one or two similar off-channel 
habitats farther downstream along the western shoreline of Lower Gilt Edge 
Bar.  The low topography (i.e., swale-like nature) coupled with existing 
vegetation at several locations along the shoreline provides the potential for 
creating habitat conditions similar to that described for Site 3b.  One 
potential site, Site 3a, similar in size to Site 3b, is shown in Figure L-5.   

 

 

 

Figure L-5. Off-Channel Habitat Enhancement Concept at Lower Gilt Edge 
Bar 
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 Site 4 – Upper Gilt Edge Bar (Figure L-6).  Site 4 is a small flood swale 
that would be improved by lowering the entire site adjacent to the existing 
band of riparian vegetation.  The channel area that would be available as 
juvenile rearing habitat is approximately 3,400 m2 . 

 

Figure L-6. Off-Channel Habitat Enhancement Concept at Upper Gilt Edge 
Bar 

Key assumptions for the potential juvenile rearing habitat expansion actions are 
that: (1) groundwater channels can be expanded relatively easily and cost 
effectively using moderate terra-forming techniques; and (2) constructed features 
would be sustained naturally for many years.  As described above, potential 
habitat enhancement sites follow the alignments of previous river channels and 
existing flood channels.  These areas appear to be ideal locations for creating and 
expanding juvenile rearing habitat because of the observed stability and 
persistence of groundwater channels in these areas.  However, additional 
geomorphic and hydrographic analysis would be necessary to fully understand 
the processes that maintain these channels and their groundwater connections 
within the selected sites.  Additional analyses may include determining the 
location and gradient of the groundwater table in vicinity of the habitat expansion 
sites, hydraulic modeling of river and off-channel enhancement areas to 
determine water surface elevations and associated duration and stage of overbank 
flow, and assessment of the stability and performance of boulder or large woody 
placements that may be proposed as part of the design.  Sediment transport 
modeling may not be necessary given the apparent stability of the bars and 
existing groundwater channels under frequently recurring flood flows. 

The number of off-channel habitat expansion sites and their precise locations, 
areas, and cross-sectional and longitudinal profiles would be determined 
following completion of the site-specific field evaluations and analyses described 
above.  Several general design guidelines are described below based on the 
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physical characteristics of existing off-channel habitats and habitat relationships 
of the target species and life stages.  To ensure year-round flow and suitable 
water depths for extended juvenile rearing, off-channel areas should be excavated 
to a depth of approximately 1 m below the lowest level of the summer water 
table.  An important objective would be to mimic the channel geometry, 
dimensions, and gradient of existing groundwater channels within the site or 
other sites where suitable habitat has been documented.  Based on field 
observations, channel gradient does not appear to be a major determinant of 
habitat quality in groundwater channels; rather, habitat quality appears to be 
mainly a function of channel depth, riparian cover, and river-floodplain 
connectivity. 

The presence of existing riparian vegetation is a key component of the off-
channel habitat design because of its role in promoting scour, enhancing habitat 
quality, and creating river-floodplain connectivity.  While a primary design 
objective is to minimize dependence on artificial structures, site-specific 
hydraulic and channel stability assessments may identify the need for additional 
structural controls or hard points to serve these functions where vegetation is not 
present.  A broad range of boulder and woody structure designs and installation 
methods are described in the literature.  Determining the feasibility and 
performance of various designs would require a review of the success and 
failures of these designs under similar settings, as well as site-specific analyses of 
the hydraulic and geomorphic forces acting on these structures under typical 
flood flows. 

L.2 Objectives and Benefits 

The primary objectives of the juvenile rearing habitat expansion actions would be 
to improve the connectivity of existing off-channel habitats with the main river 
channel, and increase the quantity and quality of these habitats for extended in-
river rearing of spring-run Chinook salmon.  Low habitat diversity or complexity 
is believed to be one of the primary factors limiting production and life history 
diversity of juvenile salmonids in the Lower Yuba River (Lower Yuba River 
Fisheries Technical Group 2005).  It is hypothesized that the quantity and quality 
of available rearing habitat limit the rearing capacity of the Lower Yuba River 
and the number of juveniles that can successfully rear to large sizes (>70 mm FL) 
before emigrating to the ocean.  Limited rearing habitat in the Lower Yuba River 
may increase the number of Chinook salmon fry that migrate to downstream 
reaches (Lower Yuba River below Daguerre Point Dam, Feather River, 
Sacramento River, Delta) where rearing conditions may be less conducive for 
growth and survival.  Thus, increasing the amount of habitat capable of 
supporting extended in-river rearing of juvenile spring-run Chinook salmon 
would be expected to increase opportunities for fry to complete the majority of 
their freshwater rearing in the Yuba River and to increase the overall survival of 
fry to the smolt stage. 
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Enhancement of existing off-channel habitats is considered a relatively simple 
and cost-effective action for achieving juvenile rearing habitat expansion 
objectives.  From a geomorphic perspective, enhancement of natural floodplain 
habitats can be readily accomplished and has a high probability of success based 
on current understanding of the natural processes that create and maintain these 
habitats in the Lower Yuba River.  From a biological perspective, these actions 
are expected to result in immediate and potentially long-term gains in habitat 
known to support extended in-river rearing of Chinook salmon, and therefore 
addresses an important limiting factor that has been identified for spring-run 
Chinook salmon in the Lower Yuba River. 

L.3 Estimated Cost 

L.3.1 Capital Cost 

For the purposes of cost estimation, it was assumed that the newly excavated 
channels would be trapezoidal in cross section, with top widths of 10 m, bottom 
widths of 4 m, bank slopes of 1.5 horizontal to 1 vertical, and channel gradients 
up to 0.5 percent.  

The pre-feasibility study capital cost estimate for implementing the juvenile 
rearing habitat expansion actions, including permitting, design, and construction, 
is approximately $1.3 million.  Construction costs for the action would depend in 
large part on the amount of gravel excavation necessary to construct side 
channels and restore functional floodplain habitat. 

L.3.2 Operations and Maintenance 

The cost of maintaining the juvenile rearing habitat component of the Lower 
Yuba River Actions is estimated to be $30,000 per year and $1.5 million for 
50 years.  

L.3.3 Funding Partners 

The USFWS AFRP has funded SYRCL for a total of $160,000 for a pilot 
restoration project intended to inform planning, design, and permitting for a more 
extensive juvenile rearing habitat project (Campbell pers. comm.).  In addition, 
AFRP has identified funding for ongoing Yuba River salmon habitat evaluation 
and restoration, some of which might be available for portions of project 
construction or maintenance.  Western Aggregates has pledged to commit 
$50,000 toward implementation of floodplain restoration on property they own in 
the area and where they have agreed to establish a 180-acre conservation 
easement.  
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L.4 Implementation Schedule 

Members of the RMT have suggested (Appendix M in the Final HEP) that, 
because several tools are already in development and the pilot restoration project 
design is currently underway, (1) preliminary design and permitting analysis for 
the juvenile rearing habitat expansion actions could be completed within 1 year; 
(2) permitting, landowner access, and other issues could be resolved within 1 or 2 
years; and (3) construction could be accomplished in one to two seasons.   

L.5 Other Issues 

Channel design would be coordinated with the SYRCL plans, AFRP-related 
planning or funded actions, and Western Aggregates floodplain restoration.  
Because designs for the juvenile rearing habitat expansion actions are still 
conceptual in nature, constraints and challenges to completing the action may not 
have been fully identified.  Permits and landowner permission would need to be 
obtained for construction at each of the restoration sites. 
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HABITAT EXPANSION FOR SPRING-RUN CHINOOK 

SALMON AND STEELHEAD IN THE LOWER YUBA 

RIVER 
 

Prepared for the HEA Steering Committee  

INTRODUCTION 

Representatives of the Habitat Expansion Agreement (HEA) Steering Committee provided the 
Yuba Accord River Management Team (RMT) with an overview of the HEA project evaluation, 
selection and approval process. In response to the HEA Steering Committee’s request for 
additional information regarding biological, physical and operational considerations pertinent to 
the lower Yuba River, the HEA Steering Committee and the Yuba Accord RMT held an informal 
technical workshop on October 6, 2009. Background information relevant to the lower Yuba 
River was provided to the HEA Steering Committee, and project-specific implementation 
considerations were discussed.  HEA Steering Committee provided the RMT with a list of 
questions regarding habitat expansion issues on the lower Yuba River.  Subsequent to the HEA 
Steering Committee and the Yuba Accord RMT informal technical workshop, the RMT 
conducted a field tour of the lower Yuba River on October 7, 2009 and reviewed and further 
discussed potential habitat expansion projects.   

The RMT does not feel that it would be appropriate to provide comments as a group.  Members 
of the RMT have different views and perspectives about some habitat restoration measures, and 
may choose to provide comments on behalf of their respective agencies. However, some of the 
members of the RMT did work together to draft comments for the HEA Steering Committee, and 
to provide some feedback on the questions posed.  Those comments are incorporated into this 
document. 
 
The Yuba Accord RMT membership includes Yuba County Water Agency (YCWA), California 
Department of Fish and Game (CDFG), National Marine Fisheries Service (NMFS), U.S. Fish 
and Wildlife Service (USFWS), the South Yuba River Citizens League (SYRCL), the Bay 
Institute, Friends of the River, Trout Unlimited, PG&E, and Department of Water Resources 
(DWR), with the collaboration of the Pacific States Marine Fisheries Commission (PSMFC) and 
University of California at Davis (UC Davis). RMT responsibilities include providing input to 
real-time operational decisions, developing and implementing a Monitoring and Evaluation 
Program (M&E Program), and guiding the implementation of specific habitat restoration pilot 
projects. Using revenues generated by the water transfer program component of the Yuba 
Accord, YCWA is providing $6 million (about $550,000 annually) to implement the M&E 
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Program, and an additional $300,000 of funding dedicated to development and implementation 
of pilot restoration projects. 

BACKGROUND 

GOALS OF THE HABITAT EXPANSION AGREEMENT 

The overall goal of the HEA is to expand the amount of habitat with the physical characteristics 
necessary to support spawning, rearing and adult holding of spring-run Chinook salmon (and 
steelhead) in the Sacramento River Basin. The specific Habitat Expansion Threshold (HET) is to 
expand spawning, rearing and adult habitat sufficiently to accommodate an estimated net 
increase of 2,000 to 3,000 spring-run Chinook salmon for spawning in the Sacramento River 
Basin. The HET is focused on spring-run Chinook salmon as the priority species, because 
expansion of habitat for spring-run Chinook salmon typically accommodates steelhead as well.  

LOWER YUBA RIVER POTENTIAL TO MEET IDENTIFIED HABITAT EXPANSION 

AGREEMENT GOALS AND THRESHOLDS 

The lower Yuba River supports persistent populations of spring-run Chinook salmon and 
steelhead, and historically supported the largest, naturally-reproducing population of steelhead in 
the Central Valley (CDFG 1996). The lower Yuba River is among the last Central Valley floor 
tributaries supporting populations of naturally-spawning spring-run Chinook salmon and 
steelhead.  

The lower Yuba River, extending approximately 24 miles from Englebright Dam downstream to 
the confluence with the Feather River near Marysville, is the largest river in the Central Valley 
not supported by a hatchery (Figure 1).  The lower Yuba River has a high potential to meet the 
HEA goals and thresholds, and to meet the NMFS recovery objectives of supporting a viable 
independent population of spring-run Chinook salmon (and steelhead) primarily because: (1) the 
river continues to support persistent populations of spring-run Chinook salmon and steelhead; (2) 
flow and water temperature conditions under the Lower Yuba River Accord are suitable to 
support all life stage requirements; (3) the river does not have a hatchery on it; and (4) high 
habitat enhancement potential.  These attributes are particularly important when considering 
long-term climate change (discussed below). 
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Figure 1. Lower Yuba River 

The NMFS (2009) Public Draft Recovery Plan for the Evolutionarily Significant Units of 
Sacramento River Winter-run Chinook Salmon and Central Valley Spring-run Chinook Salmon, 
and the Distinct Population Segment of Central Valley Steelhead (“Draft Recovery Plan”) 
recognizes the importance and potential to increase spring-run Chinook salmon and steelhead 
populations in the lower Yuba River. The Draft Recovery Plan established three priority levels to 
help guide recovery efforts for watersheds that are currently occupied, and are referred to as Core 
1, 2, and 3 populations.  Core 1 Populations are highest priority, have a known ability or 
potential to support viable populations, and have the capacity to respond to recovery actions 
(NMFS 2009).  Spring-run Chinook salmon and steelhead in the lower Yuba River are Core 1 
populations (NMFS 2009).  Core 1 populations form the foundation of the recovery strategy, and 
should be the first focus of an overall recovery effort (NMFS 2009). 

The Draft Recovery Plan states that “…many of the processes and conditions that are necessary 
to support a viable independent population of spring-run Chinook salmon can be improved with 
provision of appropriate instream flow regimes, water temperatures, and habitat availability. 
Continued implementation of the Yuba Accord is expected to address these factors and 
considerably improve conditions in the lower Yuba River”.  
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After two one-year pilot programs in 2006 and 2007, on March 18, 2008 the State Water 
Resources Control Board (SWRCB) approved the consensus-based, comprehensive Yuba 
Accord to protect and enhance aquatic habitat in the lower Yuba River.  The Yuba Accord will 
be in effect at least until 2016.  Beyond 2016, it is anticipated that the Lower Yuba River Accord 
flow schedules will be the basis of new FERC license requirements for the lower Yuba River. 
 

Presently, the lower Yuba River is one of the few Central Valley floor tributaries that 
consistently provides suitable water temperatures for salmonids throughout the year. In fact, 
water temperature evaluations conducted for the Yuba Accord EIR/EIS indicate that Yuba River 
water temperatures generally remain suitable for all life stages of spring-run Chinook salmon and 
steelhead. Water temperatures generally remain below 58°F year-round (including summer 
months) at Smartsville, and below 60°F year-round at Daguerre Point Dam (YCWA et al. 2007). 
At Marysville, water temperatures generally remain below 60°F from October through May, and 
below 65°F from June through September (YCWA et al. 2007).   
 

Habitat Conditions 

Major factors (not directly flow-related) continuing to influence the status of naturally-spawning 
spring-run Chinook salmon and steelhead in the Yuba River include: (1) blockage of historic 
spawning habitat resulting from the construction of the U.S. Corp of Engineers (Corps) 
Englebright Dam in 1941, which has implications for the spatial structure of the populations; (2) 
impaired adult upstream passage at the Corps Daguerre Point Dam; (3) unsuitable spawning 
conditions in the uppermost area (i.e., Englebright Dam to the Narrows) of the lower Yuba 
River; and (4) impaired juvenile downstream passage at Daguerre Point Dam.  Additionally, 
other factors continue to influence juvenile spring-run Chinook salmon and steelhead habitat 
suitability including sparse and restricted amounts of riparian vegetation and associated instream 
object and overhanging object cover, limited aquatic habitat complexity and diversity, and 
altered natural river function and morphology in the lower Yuba River (CALFED and YCWA 
2005). 

The section of the lower Yuba River extending from Englebright Dam downstream through the 
Narrows (Englebright Dam Reach) is steep and contains a series of rapids, runs, and deep pools 
confined by a bedrock canyon (CALFED and YCWA 2005).  Habitats classified as moderate 
gradient riffles are found only in this reach of the lower Yuba River (CALFED and YCWA 
2005).  Salmonid spawning gravels are scarce in the Englebright Dam Reach due to the 
truncation of gravel recruitment resulting from the construction of Englebright Dam and the 
high-energy hydraulic nature of this reach.  Furthermore, the quantity and quality of salmonid 
spawning habitat in this reach has been significantly reduced by the deposition of large, 
consolidated rock fragments (i.e., “shot-rock”) downstream of Englebright Dam, resulting from 
dam construction and hillside landslides during major floods (Pasternack 2009).  Additionally, 
local instream gravel mining has influenced potential spawning habitat in this reach. 
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Downstream of the Englebright Dam Reach, spawning gravels are abundant and generally of 
high quality throughout the lower Yuba River with the exception of the lowermost reach 
(Simpson Lane Reach) (YCWA et al. 2000).  

Although montane hardwoods occupy much of the Englebright Dam Reach, the steep-walled 
canyons preclude riparian growth immediately adjacent to the river channel, thereby affecting 
aquatic habitat suitability (CALFED and YCWA 2005).  In the vicinity of Daguerre Point Dam, 
the lower Yuba River is largely devoid of sufficient riparian vegetation commonly associated 
with highly suitable juvenile salmonid rearing habitat conditions (CALFED and YCWA 2005). 
The Yuba Goldfields area, comprised of approximately 11,000 acres of land adjoining the lower 
Yuba River near Daguerre Point Dam, is the result of intensive gold dredging in the late 1800s 
and early 1900s when up to 27 gold dredges simultaneously operated along the river and 
floodplain (Smith 1990).  The Yuba Goldfields section near Daguerre Point Dam is largely 
devoid of streamside vegetation.   

Shaded riverine aquatic (SRA) habitat generally occurs in the lower Yuba River as scattered, 
short strips of low-growing woody species (e.g., Salix sp.) adjacent to the shoreline (CALFED 
and YCWA 2005).  The most extensive and continuous segments of SRA habitat occur along 
bars where recent channel migrations or avulsions have cut new channels through stands of 
riparian vegetation.  Due to a lack of riparian vegetation throughout much of the lower Yuba 
River, coupled with Englebright Dam precluding the downstream transport of woody material, 
instream woody material also is limited in the lower Yuba River (CALFED and YCWA 2005). 

In recent years, another factor influencing the status of naturally-spawning spring-run Chinook 
salmon and steelhead in the lower Yuba River included flow fluctuations (YCWA et al. 2007; 
CALFED and YCWA 2005). However, since the issuance of the SWRCB Yuba Accord 
Decision, a full-flow bypass structure has been installed on the Narrows II hydropower facility 
which will essentially eliminate the potential for flow fluctuations to occur in the lower Yuba 
River associated with maintenance and operation of the Narrows II facility. 
 
MONITORING AND EVALUATION  

Anadromous salmonid management in California’s Central Valley suffers from the lack of 
sufficiently-funded, comprehensive, and sustained monitoring programs.  The lower Yuba River 
is unique among Central Valley Rivers in that an ongoing monitoring and evaluation program, 
based on quantified expressions of the viable salmonid population (VSP) concept, provides the 
opportunity to develop and evaluate the implementation of habitat expansion projects.  
 

The Yuba Accord includes a Fisheries Agreement, under which YCWA cooperatively manages 
the flows of the lower Yuba River according to certain specified criteria, and provides $550,000 
of annual funding for monitoring and evaluation of fish populations (including spring-run 
Chinook salmon and steelhead), aquatic habitat conditions, and fish-habitat interactions through 
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the year 2016.  Additionally, extensive in-kind contributions from YCWA and CDFG, plus 
solicitation of grant funding when available, further extend the monitoring and evaluation 
budget.   

The Yuba Accord River Management Fund is administered by the RMT, which has developed 
and is implementing the Yuba Accord M & E Program.  Because of the complexity associated 
with the multiple considerations for monitoring and evaluation efforts within the lower Yuba 
River, the M&E Program framework is designed to evaluate whether implementation of the 
Yuba Accord maintains fish in good condition, and promotes viable salmonid populations in the 
lower Yuba River. 

McElhany et al. (2000) developed the “Viable Salmonid Population” (VSP) concept to facilitate 
establishment of Evolutionarily Significant Unit (ESU)-level delisting goals and to assist in 
recovery planning by identifying key parameters related to population viability.  As presented in 
Good et al. (2007), criteria for viable salmonid populations (VSP) are based upon measures of 
population parameters that reasonably predict extinction risk and reflect processes important to 
populations: (1) abundance; (2) productivity; (3) diversity; and (4) spatial structure (McElhany et 
al. 2000).  Abundance is critical, because small populations are generally at greater risk of 
extinction than large populations.  Stage-specific or lifetime productivity (i.e., population growth 
rate) provides information on important demographic processes.  Abundance and productivity 
data are used to asses the status of populations of threatened and endangered ESUs (Good et al. 
2005).  Genotypic and phenotypic diversity are important in that they allow species to use a wide 
array of environments, respond to short-term changes in the environment, and survive long-term 
environmental change.  Spatial structure reflects how abundance is distributed among available 
or potentially available habitats and how it can affect overall extinction risk and evolutionary 
processes that may alter a population’s ability to respond to environmental change. 

In the M&E Program, performance indicators associated with each of the VSP parameters 
(Abundance, Productivity, Diversity and Spatial Structure) and analytical steps (“analytics”) to 
address each of these performance indicators are provided separately for the adult and juvenile 
lifestages of the anadromous salmonids, including spring-run Chinook salmon and steelhead, in 
the lower Yuba River.  Completed, ongoing, or planned M&E Program activities include the 
following:   

 Flow and Water Temperature Monitoring 

 Morphological Unit & Mesohabitat Classification  

 Substrate and Cover Classification and Mapping 

 Topographic Mapping 

 Development of a Digital Elevation Model of the entire 24 miles of the lower Yuba River 

 Development of a 2-D Hydraulic Model 

 Acoustic Tracking of Phenotypic Spring-run Chinook Salmon 
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 Genetic Analysis of Spring-run and Fall-run Chinook Salmon 

 Chinook Salmon Escapement (Carcass) Surveys  

 Adult Salmonid Biological Sampling (otoliths, scales, tissue, CWT) 

 VAKI Riverwatcher System Monitoring of Fish Passage at Corps’ Daguerre Point Dam 

 Angler Surveys 

 Redd (and Superimposition) Surveys  

 Juvenile Outmigration Rotary Screw Trapping  

 Juvenile Habitat Utilization Snorkel Surveys 
 

Information obtained through the Yuba Accord M&E Program provides a basis to develop and 
consider habitat expansion projects in the lower Yuba River, within the context of the HET and 
expanded habitat utilization. Additionally, the Yuba Accord M&E Program will serve as a 
baseline for the future evaluation of habitat expansion projects in the lower Yuba River and, if 
lower Yuba River habitat expansion projects are implemented in a timely fashion, the Yuba 
Accord M&E Program could directly evaluate population response, as well as serve as a 
baseline. 
 

LOWER YUBA RIVER HABITAT EXPANSION 

CONSIDERATIONS 

The intent of the HEA is to create “permanent” solutions to problems, or at least to provide 
benefits through the term of a typical Federal Energy Regulatory Commission license (i.e., up to 
50 years). Where possible, projects should address the root cause of current habitat constraints 
rather than dealing with their symptoms or surface expression, and should consider the potential 
effects of climate change.  

CLIMATE CHANGE AND HABITAT EXPANSION SUSTAINABILITY 

The scientific, political, and public priorities associated with long-term climate change are 
evolving toward determining its ecosystem impacts, and developing strategies for adapting to 
those impacts.  

Studies suggest that up to 40 percent of Pacific Northwest salmon populations may be lost by 
2050 (Battin et al. 2007). In California and the Pacific Northwest, most wild salmon populations 
are extinct or imperiled in 56 percent of their historical range (Francis and Mantua 2003). Studies 
also suggest that about one-third of the current habitat for salmon and other coldwater fish will 
no longer be suitable for them by the end of this century as key temperature thresholds are 
exceeded (Thomas et al. 2009). Because climate change impacts on salmon and steelhead habitat 
is projected to be negative, climate change is expected to hinder efforts to recover depleted 



Yuba Accord RMT   8  November 6, 2009  
Lower Yuba River Habitat Expansion Considerations    Draft – Subject to Revision 

populations of Chinook salmon and steelhead (Thomas et al. 2009). Climate change also could 
be reasonably expected to affect the sustainability of habitat expansion projects in the Central 
Valley. 

In California, there have been observed changes in air temperatures, annual precipitation, runoff, 
and sea levels over the past century (Anderson et al. 2008). Regional-scale climate models for 
California are in broad agreement that temperatures in the future will warm significantly, total 
precipitation may decline, and snowfall will decline significantly (Lindley et al. 2007).  
Literature suggests that by 2100, mean summer temperatures in the Central Valley may increase 
by 2 to 8°C, precipitation will likely shift to more rain and less snow, with significant declines in 
total precipitation possible, and hydrographs will likely change, especially in the southern Sierra 
Nevada mountains. Thus, climate change poses an additional risk to the survival of salmonids in 
the Central Valley.  

Long-term climate change considerations emphasize the importance of implementing habitat 
expansion projects in locations where they would be expected to be sustainable. The lower Yuba 
River has a high potential to sustain spring-run Chinook salmon and steelhead populations, 
primarily because of suitable flows and the consistent flow of cold water.  

The lower Yuba River is expected to provide the most suitable water temperature conditions for 
anadromous salmonids, of all Central Valley floor rivers, in consideration of long-term climate 
change because of specific physical and hydrologic factors. New Bullards Bar Reservoir is a 
deep, steep-sloped reservoir with ample coldwater pool reserves. Throughout the period of 
operations of New Bullards Bar Reservoir (1969 through present), which encompasses the most 
extreme critically dry year on record (1977), the coldwater pool in New Bullards Bar Reservoir 
has not been depleted. Since 1993, coldwater pool availability in New Bullards Bar Reservoir 
has been sufficient to accommodate year-round utilization of the lower river outlets at the 
direction provided by CDFG in order to provide cold water to the lower Yuba River.  

RECOVERY ACTIONS AND HABITAT EXPANSION PROJECTS 

The conceptual recovery scenarios for spring‐run Chinook salmon and steelhead in the Draft 

Recovery Plan include: (1) securing extant populations by implementing key habitat restoration 
actions, particularly in the near term; and (2) establishing additional viable independent 
populations. 

In order to secure viable independent populations of spring-run Chinook salmon and steelhead in 
the lower Yuba River, the Draft Recovery Plan identified several key near-term and long-term 
habitat restoration actions, including the following: 
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 Continue implementation of the Yuba Accord flow schedules to provide suitable habitat 
(flow and water temperature) conditions for all life stages  

 Implement a spawning habitat rehabilitation program in the uppermost area (i.e., 
Englebright Dam to the Narrows) of the lower Yuba River 

 Improve riparian habitats for juvenile salmonid rearing  

 Create and restore side-channel habitats to increase the quantity and quality of off-
channel rearing (and spawning) areas 

 Implement projects to increase floodplain habitat availability to improve habitat 
conditions for juvenile rearing 

 Improve adult and juvenile salmonid passage at Daguerre Point Dam  
 
According to HEA Evaluation Criterion (b), a number of projects might need to be concentrated 
in a single watershed to result in sufficient environmental change to meet the HET. 

The HEA Steering Committee considered several individual habitat expansion actions in 
combination for the lower Yuba River.  The HEA Steering Committee considered integration of 
these actions because they believed that the actions potentially benefited each other. The 
following actions are being considered by the HEA Steering Committee for the lower Yuba 
River: 

 Spawning habitat rehabilitation of the Englebright Dam Reach, including Deer Creek 

 Side channel, floodplain and riparian habitat restoration 

 Operation of a segregation weir in the 6-mile reach between the Highway 20 Bridge and 
Englebright Dam 

 Fish passage improvements at Daguerre Point Dam  
 

Total funding availability, engineering feasibility, operations and maintenance, and action 
sustainability may require consideration of the priority of specific actions within the suite of 
potential actions for the lower Yuba River, and consideration of each action’s ability to achieve 
biological benefit and accomplishment of the goals of the HEA.  For example, two of the four 
actions directly address the overall goal of the HEA, which is to expand the amount of habitat 
with the physical characteristics necessary to support spawning, rearing and adult holding of 
spring-run Chinook salmon and steelhead in the Sacramento River Basin: (1) spawning habitat 
rehabilitation of the Englebright Dam Reach; and (2) side channel, floodplain and riparian 
habitat restoration. 

The two remaining actions do not directly address the overall goal of the HEA: (3) operation of a 
segregation weir in the 6-mile reach between the Highway 20 Bridge and Englebright Dam; and 
(4) fish passage improvements at Daguerre Point Dam.  

 Design, construction, operation and maintenance of a segregation weir does not, unto 
itself, expand habitat. Rather, the stated intent is to accomplish geographic distinction and 
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thereby reduce the potential for genetic introgression between fall-run Chinook salmon 
and spring-run Chinook salmon.  

 Although improved fish passage at Daguerre Point Dam would help to facilitate access to 
available upstream habitat, it would not expand the amount of habitat with the physical 
characteristics necessary to support spawning, rearing and adult holding of spring-run 
Chinook salmon and steelhead. 

 

Spawning Habitat Rehabilitation of the Englebright Dam Reach,  Including Deer 
Creek 

Englebright Dam was constructed by the Corps in 1941 on the lower Yuba River to trap 
hydraulic mining debris resulting from the gold rush in California. The dam has been blocking 
the natural recruitment of spawning gravels in the Englebright Dam Reach, extending 
approximately 0.8 miles downstream from Englebright Dam to the confluence with Deer Creek, 
for over 65 years. In many areas of this reach, the spawning gravels are completely absent and 
have been replaced by a bedrock substrate. Spring-run Chinook salmon have been observed to 
migrate and hold in this area of river, but spawning success has been largely impacted by a lack 
of suitable spawning habitat.   

The Englebright Dam Reach spawning habitat rehabilitation component is highly feasible, based 
upon a 5-year (2003-2008) comprehensive investigation conducted to ascertain the linkages 
between hydrology, geomorphology, and ecology (Pasternack 2009), and a 2007 pilot gravel 
injection study.  Pasternack (2009) highly recommended that spawning habitat rehabilitation in 
this reach be designed using the Spawning Habitat Integrated Rehabilitation Approach (SHIRA) 
that is in use on the Feather, American, Trinity, and Mokelumne Rivers. For details, see the 
website at http://shira.lawr.ucdavis.edu. Using SHIRA would ensure that a project of this 
magnitude would immediately yield spawning habitat, as has been thoroughly documented on 
the Mokelumne and Trinity rivers.  

There are three shot-rock deposits in the Englebright Dam Reach. First, an extremely coarse and 
thin veneer occurs at the upper end of the reach on river right. Second, angular cobble forming a 
bar is located just upstream of the USGS Gaging Station rapid that impacts the gaging station 
every time there is a flood. Third, a mixture of angular gravel, cobbles, and boulders is located 
upstream of the junction with Deer Creek on river right. This deposit is called Sinoro Bar. Thus, 
there are two big deposits on river right and one small deposit on river left (Pasternack 2009). 

To yield high quality Chinook spawning habitat in the Englebright Dam Reach, Pasternack 
(2009) stated that a spawning habitat rehabilitation project must accomplish two things. First, it 
must remove the massive amount of shot-rock off of Sinoro Bar, returning that entire point bar to 
the elevation of the water’s surface at approximately 800 cfs. Second, it must place suitable 
spawning gravel into the river, substantially filling in the present channel and changing site-
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specific hydraulic characteristics to new suitable patterns. Shot-rock removal, localized grading, 
and gravel injection will improve spawning habitat by restoring natural channel morphological 
units, restoring natural channel form and unit types synonymous with spawning habitat values 
(i.e. pool, riffle, bank structure, LWD retention, etc.), and restoring natural spawning substrate 
absent in this reach. Once spawning habitat rehabilitation is performed in this reach, it would be 
possible to sustain the project using gravel injection at the upper portion of this reach (e.g., 
downstream from the Narrows II Powerhouse).  

Wheaton et al. (2004) further described how spawning habitat rehabilitation is segregated into 
three categories: (1) gravel augmentation; (2) hydraulic structure placement; and (3) spawning 
bed enhancement. Gravel augmentation (also known as gravel injection, infusion or 
replenishment) involves dumping clean spawning gravels into piles along the edges of a river 
(usually just downstream of a dam). For this approach to yield usable spawning habitat, 
practitioners must assume that high flows occur in the near future, that augmented gravels 
entrain during high flows, and that gravels do not fill mining holes or pools but instead deposit as 
bars or riffles. Hydraulic structure placement entails placement of large woody debris (LWD), 
boulder clusters, v-dams or similar structures to alter hydrodynamics in such a way that 
spawning gravels are deposited in the vicinity of the structures (Brookes et al. 1996 in Wheaton 
et al. 2004). The technique relies on an adequate supply of gravel from upstream and an active 
bedload transport regime to deliver it. Such structures may also be intended to provide refugia, 
cover and add habitat heterogeneity (Van-Zyll-De-Jong et al. 1997 in Wheaton et al. 2004). 
Spawning bed enhancement is the direct modification of the bed to provide immediate spawning 
habitat (e.g., riffle construction, bed ripping and riffle cleansing). Although bed enhancement 
may quickly provide usable spawning habitat, limited project lifespan may result without 
adequate consideration of geomorphic processes or regular gravel replenishment (Kondolf 2000b 
in Wheaton et al. 2004). In summary, spawning habitat rehabilitation projects are typically 
reach-scale restoration activities sometimes, but not necessarily, nested within a larger, long-
term, basin-scale management plan (e.g., McBain and Trush 1997 in Wheaton et al. 2004). 

Spawning habitat rehabilitation in the Englebright Dam Reach is expected to expand available 
spawning habitat primarily for spring-run Chinook salmon, because suitable flow and water 
temperature regimes already exist. A pilot gravel injection project was successfully completed in 
the Englebright Dam Reach during November 2007. Approximately 361 cubic yards of 
spawning gravels were injected below the Narrows II Powerhouse. Aerial redd surveys 
conducted during 2008 and snorkel surveys conducted during 2009 identified spring-run 
Chinook salmon utilizing small, localized pockets of gravel created by this pilot project. 
However, additional gravels, as well as hydraulic structure placement and spawning bed 
enhancement, are needed to fully rehabilitate this reach. Thus, the Englebright Dam Reach 
spawning habitat rehabilitation project is specifically comprised of shot-rock removal from 
Sinoro Bar, hydraulic structure placement and spawning bed enhancement of Sinoro Bar, gravel 
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injection downstream of Narrows II Powerhouse for recruitment to Sinoro Bar, and possible 
direct placement of gravel on Sinoro Bar itself (Figure 2).  

 

  Figure 2.  The Sinoro Bar site for spawning habitat rehabilitation. 

 

Spawning habitat rehabilitation in the Englebright Dam Reach of the lower Yuba River could 
provide additional spawning habitat to achieve the specific HET to accommodate an estimated 
net increase of 2,000 to 3,000 spring-run Chinook salmon spawning annually. A realistic 
approach to estimate the number of spring-run Chinook salmon that would be expected to utilize 
the habitat expansion resulting from the Englebright Dam Reach spawning habitat rehabilitation 
project is based on observations of actual SHIRA sites. The most data from SHIRA rehabilitation 
sites in the Central Valley is available from the Mokelumne River. For those SHIRA sites, 2005 
redd surveys resulted in a calculation of 1 Chinook salmon redd per 17m2.  For the Sinoro Bar 
project, an approximate area estimate of 40,500 m2 could be expected to result in establishment 
of 2,382 spring-run Chinook salmon redds.  Assuming 2 spring-run Chinook salmon adults per 
redd, the result would be 4,764 adult spring-run Chinook salmon.   

Gravel augmentation in lower Deer Creek has been included as a potential component of the 
project.  Spawning habitat rehabilitation in lower Deer Creek may have substantial benefit for 
steelhead. However, concerns persist regarding the efficacy of gravel augmentation in Deer 
Creek due to: (1) flow patterns associated with releases from Lake Wildwood; (2) the presence 
of a significant falls located approximately 500 feet upstream of the mouth of Deer Creek which 
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is likely impassable during drier years, although steelhead have been found above the falls 
during wetter years with high runoff (CDFG 1991); and, particularly (3) extant water 
temperatures during the spring-run Chinook salmon spawning period. 

Side Channel, Floodplain, and Riparian Habitat Restoration 

As previously mentioned, several factors continue to influence juvenile spring-run Chinook 
salmon and steelhead rearing habitat suitability: (1) including sparse and restricted amounts of 
riparian vegetation and associated instream object and overhanging object cover; (2) limited 
aquatic habitat complexity and diversity; and (3) altered natural river function and morphology 
in the lower Yuba River.  SRA habitat generally occurs in the lower Yuba River as scattered, 
short strips, with the most extensive and continuous segments of SRA habitat occurring along 
bars where recent channel migrations or avulsions have cut new channels through stands of 
riparian vegetation.   

The juvenile salmonid rearing habitat expansion actions directly address the overall goal of the 
HEA, which is to expand the amount of habitat with the physical characteristics necessary to 
support spawning, rearing and adult holding of spring-run Chinook salmon and steelhead. 
Moreover, these actions are consistent with several key near-term and long-term habitat 
restoration actions identified in the Draft Recovery Plan for the lower Yuba River, including: (1) 
the creation and restoration of side-channel habitats to increase the quantity and quality of off-
channel rearing (and spawning) areas; (2) improvement of riparian habitats for juvenile salmonid 
rearing; and (3) implementation of projects to increase floodplain habitat availability to improve 
habitat conditions for juvenile rearing. 

Several ongoing activities addressing habitat enhancement opportunities in the lower Yuba River 
have recently been funded by the RMT, Anadromous Fish Restoration Program (AFRP), and 
PG&E. These activities include conducting studies and obtaining fluvial/geomorphological 
information necessary to guide habitat enhancement actions, and also include the conduct of pilot 
habitat enhancement projects in the lower Yuba River.  The RMT M&E Program has completed 
or soon will have available invaluable information to guide specific spring-run Chinook salmon 
(and steelhead) juvenile rearing habitat enhancement actions. In addition to habitat utilization, 
specific physical habitat capabilities, which will be generally available (including to the HEA 
Steering Committee), to guide habitat enhancement actions include:  

 Morphological Unit & Mesohabitat Classification  

 Substrate and Cover Classification and Mapping 

 Topographic Mapping 

 Development of a Digital Elevation Model of the entire 24 miles of the lower Yuba River 

 Development of a 2-D Hydraulic Model 
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In addition, SYRCL has been funded by the AFRP to conduct a pilot project, taking advantage of 
a conservation easement on Western Aggregates land, directed towards enhancing juvenile 
salmonid rearing habitat. The pilot project is considering creation of new functional floodplain 
habitat, off-channel rearing habitat (backwaters and side-channels), installation of large wood 
structure and enhancement of riparian vegetation. At present, a pre-project assessment is being 
conducted to inform opportunities for juvenile salmonid habitat enhancements in a 3.5-mile 
study reach from Parks Bar to Hammon Bar on the lower Yuba River. The pre-project 
assessment is addressing the geomorphic, hydrologic, and biotic factors influencing: (1) 
available floodplain habitat; (2) creation and maintenance of marginal and off-channel rearing 
habitat; and (3) riparian recruitment, growth, and survival in the project area. Current work 
includes a public outreach component to inform nearby landowners, concerned stakeholders, and 
watershed groups about the proposed pilot project. Information obtained through this pilot 
project also will inform future habitat enhancement actions in the lower Yuba River.  

Members of the RMT conducted a field tour of the lower Yuba River on October 7, 2009, and 
among other activities reviewed and further discussed potential spring-run Chinook salmon (and 
steelhead) juvenile rearing habitat expansion projects.  Some of the RMT representatives believe 
that the most beneficial and cost-effective type of juvenile rearing habitat expansion projects, and 
those that would yield the most immediate benefits, would be the creation of new side-channel 
habitats associated with existing stands of riparian vegetation not hydraulically connected to the 
river channel. Specifically, the benefit of new side-channel habitats would: (1) increase and 
maintain existing riparian vegetation; (2) provide instream object and overhanging object cover; 
(3) provide new SRA, and associated allochthonous food sources for rearing juveniles; (4) 
increase aquatic habitat complexity and diversity; (5) provide habitats more consistent with those 
previously available in the upper watershed; and (6) provide predator escape cover, and overall 
increased survival of juvenile spring-run Chinook salmon and steelhead.  

On October 13, 2009 a small group of RMT members met to further identify and refine potential 
juvenile salmonid rearing habitat expansion actions for the lower Yuba River. Following a 
thorough discussion regarding project effectiveness within a fluvial geomorphological 
perspective, this stakeholder group identified nine habitat enhancement actions/locations to 
provide rearing habitat for juvenile spring-run Chinook salmon and steelhead.  Essentially, the 
group reviewed locations along the lower Yuba River where residual riparian vegetation 
indicated that the river channel had previously existed.  In several of these locations, the 
hydraulically disconnected river channel could be re-connected fairly easily, thus developing 
additional secondary (side-channel) habitat.  Based on work conducted in the lower Yuba River 
by Professor Greg Pasternack (UC Davis) and the RMT, the group determined that these side-
channel habitat locations are viable for re-construction. 
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From upstream to downstream in the lower Yuba River, they have been identified as follows: 

Upstream of Daguerre Point Dam 

The lower Yuba River extends approximately 12.6 miles from Englebright Dam to Daguerre 
Point Dam. The following juvenile salmonid rearing habitat enhancement action sites are located 
within this section of the lower Yuba River.  

Site 1 (Figure 3) “Upper Gilt Edge” – Enhance the structural complexity of the left bank of the 
main river channel. Line the left bank of the main channel with boulder/wood structures, and 
enhance an ephemeral backwater with boulder/wood structures to maintain aquatic habitat. 

Site 2 (Figure 4) “First Island” – Create a side channel in an existing swale within a stand of 
relatively dense riparian vegetation. Enhance the structural complexity of the left bank of the 
main river channel by placement of large wood material.  Approximate length 1,500 ft, potential 
area 30,000 ft2 (0.7 ac at 20 ft width, 60,000 ft2 (1.4 ac) at 40 ft width. 

Site 3 (Figure 5) “North Silica Bar” (bar opposite of Silica Bar side channel) – Create a side 
channel in an existing swale within a stand of relatively dense riparian vegetation which 
presently includes willows and cottonwoods.  Approximate length 4,600 ft, potential area 92,000 
ft2 (2.1 ac at 20 ft width, 189,000 ft2 (4.3 ac) at 40 ft width. 

Site 4 (included in Figure 5) “Silica Bar” – Create a side channel in an existing swale within a 
stand of diverse, mature, native riparian vegetation. Approximate length 2,000 ft, potential area 
40,000 ft2 (0.9 ac at 20 ft width, 80,000 ft2 (1.9 ac) at 40 ft width. 

Site 5 (Figure 6) “Hammon Bar” – Create a side-channel, within a stand of riparian vegetation, 
extending from the bar on the southern bank of the main-channel into the current backwater area. 
Boulder structures for hydraulic maintenance may be placed at the inflow section. At the outflow 
section, wood/boulder structures may be placed, and riparian vegetation may be planted.   
Approximate length 1,250 ft, potential area 25,000 ft2 (0.6 ac at 20 ft width, 50,000 ft2 (1.1 ac) at 
40 ft width. 

Site 6 (Figure 7) “South Bar above Daguerre Point Dam” – Create a side channel, within a stand 
of riparian vegetation, along the toe of the training wall, extending from the upper portion of the 
site to the existing downstream backwater area. Boulders for hydraulic maintenance may be 
placed at the inflow.   Approximate length 2,400 ft, potential area 48,000 ft2 (1.1 ac at 20 ft 
width, 96,000 ft2 (2.2 ac) at 40 ft width. 

Downstream of Daguerre Point Dam 

The lower Yuba River extends approximately 11.4 miles from Daguerre Point Dam to the 
confluence with the lower Feather River. The following juvenile salmonid rearing habitat 
enhancement action sites are located within this section of the lower Yuba River.  
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Site 7 (Figure 8) “Waterway 13” – Create a side-channel, within a stand of riparian vegetation, 
extending from the main-channel into the current backwater area. Boulder structures for 
hydraulic maintenance may be placed at the inflow section. This site would be expected to 
receive flow augmentation from the Yuba Goldfields return flow.  Approximate length 2,800 ft, 
potential area 56,000 ft2 (1.3 ac at 20 ft width, 112,000 ft2 (2.6 ac) at 40 ft width. 

Site 8 (Figure 9) “Narrow Bar” – Create a side-channel north of the main channel following a 
historic channel path. Existing riparian vegetation would border the created side-channel. 
Boulders for hydraulic maintenance may be placed at the inflow.  Approximate length 2,900 ft, 
potential area 58,000 ft2 (1.3 ac at 20 ft width, 116,000 ft2 (2.7 ac) at 40 ft width. 

Site 9 (Figure 10) “Goldfields Terminus” – Create a side-channel, within a stand of riparian 
vegetation, extending into a current backwater habitat located at the downstream corner of the 
Goldfields. Boulder structures for hydraulic maintenance may be placed at the inflow section.  
Approximate length 5,000 ft, potential area 100,000 ft2 (2.3 ac at 20 ft width, 200,000 ft2 (4.6 ac) 
at 40 ft width. 

Figures 3 – 10 identify the locations of the potential sites for habitat enhancement.  Design plans 
would be informed by the information and processes listed above.  The precise location of side-
channels as well as the placement of structural elements and riparian plantings would be 
informed by a variety of analyses including hydraulic modeling. As evidenced by existing 
riparian vegetation or topography in Figures 3 - 10, many of these potential side channels follow 
previous alignments of the river, or were side channels.  Additional geomorphic analysis will be 
necessary to fully understand the processes that originally formed these channels and 
subsequently moved the river to a different location. However, these features were selected 
based on the premise that: (a) side channels can be re-established relatively easily using 
moderate terra-forming, boulder placement, and other techniques; and (b) that the features will 
have more than a short-term persistence in the river once constructed.  

The Design Symbol Key (below) is utilized in the following figures. 

 



Yuba Accord RMT   17  November 6, 2009  
Lower Yuba River Habitat Expansion Considerations    Draft – Subject to Revision 

 
Figure 3. The Upper Guilt Edge Bar site for juvenile rearing habitat enhancement. 

 

 
Figure 4. The First Island site for juvenile rearing habitat enhancement. 
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Figure  5.  The  North  Silica  Bar  and  Silica  Bar  sites  for  juvenile  rearing  habitat 
enhancement. 

 

 
Figure 6. The Hammon Bar site for juvenile rearing habitat enhancement. 
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Figure  7.  The  South  Bar  above  Daguerre  Point  Dam  site  for  juvenile  rearing 
enhancement. 
 

 
Figure 8. The Waterway 13 site for juvenile rearing habitat enhancement. 
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 Figure 9. The Narrow Bar site for juvenile rearing habitat enhancement. 

 

 
Figure 10. The Goldfields Terminus Bar site for juvenile rearing habitat enhancement. 
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Segregation Weir  

The intent of the segregation weir component is to achieve “…favorable spatial separation from 
other populations or runs to maintain genetic diversity by minimizing interbreeding…” A 
priority within the HEA is the segregation of habitat for spring-run and fall-run Chinook salmon. 
In the Central Valley, introgression of fall- and spring-run Chinook salmon has been identified as 
a potential factor limiting spring-run Chinook salmon. In many cases, this is due to the 
concurrent spawning of hatchery-produced fall-run Chinook salmon in areas where spawning of 
spring-run Chinook salmon occurs.  

 
Unlike many rivers in the Central Valley, there is no hatchery on the lower Yuba River.  
However, some straying does occur in the lower Yuba River, most likely from the Feather River 
Hatchery. However, straying of fish into the lower Yuba River can be addressed by a number of 
actions including replacing off-site releases with volitional releases from the hatchery, allowing 
all fish that attempt to return to the hatchery to do so, and reducing the amount of fish released 
(see CDFG and NMFS (2001), for a review of hatchery issues). Currently, best management 
practices and a hatchery genetics management plan continue to be developed and implemented at 
the Feather River Hatchery. 
 
Further, to address the problem of introgression of fall- and spring-run Chinook salmon, the 
HEA criterion indicate that projects that encourage the separation of fall- and spring-run 
Chinook salmon will be considered favorable. Separation may be achieved either through 
physical barriers or through the development of habitat conditions that favor spring-run Chinook 
salmon over fall-run Chinook salmon. Clearly, the intent is to achieve separation of fall-run and 
spring-run Chinook salmon to minimize/avoid genetic introgression.  
 
The biologic premise behind the concept of “separation” is the intent to achieve reproductive 
isolation. Reproductive isolation has a spatial and/or temporal component that, in a natural 
system, can be accomplished through behavioral manifestation achieving spatial and/or temporal 
segregation. In the lower Yuba River, to some extent spatial and temporal segregation of 
Chinook salmon spawning presently occurs. Previously conducted reconnaissance-level redd 
surveys, carcass surveys, and the more intensive 2008 pilot redd survey demonstrate that the 
majority of redds constructed during September to early October (phenotypically consistent with 
spring-run Chinook salmon spawning timing) were observed in the uppermost portion of the 
survey area (i.e., upstream of the Highway 20 Bridge). Preliminary data obtained from early 
season redd surveys conducted from August 31 through October 1, 2009 demonstrate that of the 
total 714 redds constructed during this period throughout the lower Yuba River, 520 (73%) were 
constructed upstream of the Highway 20 Bridge. By contrast, redds constructed later in the 
season (phenotypically consistent with fall-run Chinook salmon spawning timing) were primarily 
observed further downstream in the lower Yuba River. Preliminary 2009 data demonstrate of the 
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1,598 redds constructed since October 1 through October 29, 2009, 952 (60%) were constructed 
downstream of the Highway 20 Bridge.  
 
Seasonal flow releases and suitable spring-run Chinook salmon water temperatures are currently 
being provided by implementation of the Yuba Accord, which enhances the spawning of 
phenotypically characterized spring-run Chinook salmon.  Additional monitoring (acoustic 
tracking, spawning surveys, genetic analysis) is ongoing, and will provide additional information 
regarding the current extent of reproductive isolation between spring-run and fall-run Chinook 
salmon in the lower Yuba River.  The need for, benefits of, and specific operational 
considerations for the segregation weir component of the project are presently uncertain, and can 
be more completely evaluated following results from ongoing studies by the Yuba Accord RMT. 
A genetic analysis of phenotypic spring-run Chinook salmon collected in the lower Yuba River 
is in progress. The results of this study will help identify the amount of introgression among 
spring-run and fall-run Chinook salmon, and source populations for phenotypic spring-run 
Chinook salmon that currently exist in the lower Yuba River.  Ongoing monitoring conducted as 
part of the Yuba Accord M&E Program will provide additional information regarding specific 
timing and specific locations of adult immigration, holding, and spawning of Chinook salmon in 
the lower Yuba River. This additional information will be useful to evaluate the need for, and 
potential location of a segregation weir in the future. In addition, evaluation of the technical 
feasibility and full costs associated with implementation of a segregation weir in the lower Yuba 
River remains to be conducted. At a minimum, careful consideration of the feasibility and full 
costs of construction of a hard-mounted fish barrier (including in-river construction techniques 
and impacts), the costs of developing and securing access for construction and operations, the 
challenges of operations and cleaning, and the risk and potential for damage by high or flood 
flows will need to be undertaken prior to a final decision on this potential project.  
 
The segregation weir is not supported at this time. 
 

Daguerre Point Dam Passage Improvement  

Upstream passage at the Corps Daguerre Point Dam can be impeded for migrating adult spring-
run Chinook salmon and steelhead due to the inadequacies of the fish ladders. Adult salmonid 
passage is impeded when rain or snowmelt runoff produces high flow conditions at the dam, 
which coincides with flow conditions under which spring-run Chinook salmon and steelhead 
generally migrate upstream to their spawning areas. The Corps’ policy is to close the ladders 
when water elevation reaches 130 feet, and to keep them closed until the water recedes to an 
elevation of 127 feet.  Because spring-run Chinook salmon and steelhead upstream migration 
occurs during the potentially high-flow periods during winter and spring, this policy can affect 
their upstream migration. Throughout winter and spring when flows are high, adult spring-run 
Chinook salmon and steelhead can experience difficulty in finding the entrance to the ladders 
because of the relatively low percentage of attraction flows exiting the ladders compared to the 
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massive sheet-flow coming over the rest of the dam. The angle of the orifices and proximity to 
the plunge pool also increase the difficulty for fish to find the entrances to the ladders. Other 
design deficiencies which have been identified include periodic obstruction of the ladders by 
woody material, operating criteria that require closure of the ladders at high flows, and the 
proximity and orientation of the ladder entrances to the spillway (CDFG 1991; USFWS 1994 in 
NMFS 2007). 
 
Upstream passage at the Corps Daguerre Point Dam can also be impeded when sediment builds 
up near the upstream exit of the fish ladders. Geofluvial action has, in the past, caused gravel to 
build up on the upstream side of the dam where it can impede flows into the ladders, thereby 
reducing the ability of fish to climb the ladders and reducing the attraction flow exiting the base 
of the ladders. In addition, the gravel bars have built up to the point where they reduce access to 
the main channel for fish that have exited at the top of the ladders and are attempting to continue 
their upstream migration. The Corps has initiated a long-term sediment management program to 
address this problem, and it is expected that this issue will be alleviated through continued 
diligent implementation of this program. 
 
Adult Chinook salmon have been observed congregating in the plunge pool below the dam and 
leaping at the face of the dam, indicating that migrating adults may not readily find the entrances 
to the fish ladders. A simple time delay is not the only consequence of spring-run Chinook 
salmon being unable to pass Daguerre Point Dam. When adult Chinook salmon enter fresh water 
they cease eating and must rely solely on the finite supply of energy which they have stored in 
their bodies to last them through their entire migration, holding, and spawning activities. In their 
efforts to pass Daguerre Point Dam, particularly if these efforts continue for several days or even 
weeks, they consume a greater amount of these energy stores than if there had been no obstacle 
in their path. This may leave the fish in a weakened state before spawning which may subject 
them to a greater chance of disease, especially if they have to hold over the summer prior to 
spawning (e.g., spring-run Chinook salmon). Other biological consequences of blockage or 
passage delay include changes in spawning distribution (Hallock 1987), increased adult pre-
spawning mortality (Reclamation 1985 in NMFS 2007), and decreased egg viability (Vogel et al. 
1988), all of which may result in the reduction in abundance and productivity of this species. 
 
Juvenile salmonids can also be adversely affected by Daguerre Point Dam on their downstream 
migration. Juveniles can experience injury or direct mortality by being carried over the face of 
the dam by sheet flow and encountering the dam face or the downstream base of the dam. Also, 
there is an elevated risk of predation created when juveniles plunge over the dam into the pool 
below.  The large plunge pool at the base of the dam creates an area for predatory fish which 
may seasonally congregate below Daguerre Point Dam. The deep pool provides ambush habitat 
for predators in an area where juvenile salmonids can be disoriented or injured as they plunge 
over the face of the dam into the turbulent waters at the base, making them vulnerable to 
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predation. High levels of predation over long periods of time can reduce juvenile numbers and 
weaken their contribution to year class strength and recruitment. 
 
The potential to improve both adult upstream and juvenile downstream passage at Daguerre 
Point Dam has been the subject of previous studies, including: (1) Daguerre Point Dam Fish 
Passage Improvement Project Alternative Concepts Evaluation (DWR and Corps 2003 in NMFS 
2007); (2) Daguerre Point Dam Fish Passage Improvement Project 2002 Fisheries Studies – 
Analysis of Potential Benefits to Salmon and Steelhead from Improved Fish Passage at Daguerre 
Point Dam (DWR and Corps 2003a in NMFS 2007); and (3) Daguerre Point Dam Fish Passage 
Improvement 2002 Water Resources Studies (DWR and Corps 2003b in NMFS 2007).  In 
November 2007 NMFS issued a Biological Opinion (NMFS 2007) on the operation of Corps 
facilities on the Yuba River, including Daguerre Point Dam and passage-related issues.  Passage 
at Daguerre Point Dam is the subject of ongoing considerations. Although much evaluation and 
analysis has already been completed, a final preferred alternative has not yet been identified to 
alleviate passage impediment issues at Daguerre Point Dam.  
 

SELECTION AND APPROVAL CRITERIA CONSIDERATIONS 

CONTRIBUTION TO ACHIEVING THE HABITAT EXPANSION THRESHOLD 

As previously mentioned, the specific Habitat Expansion Threshold (HET) is to 
expand spawning, rearing and adult habitat sufficiently to accommodate an 
estimated net increase of 2,000 to 3,000 spring-run Chinook salmon for spawning 
in the Sacramento River Basin. The Habitat Expansion Threshold is focused on 
spring-run Chinook salmon as the priority species, as expansion of habitat for 
spring-run Chinook salmon typically accommodates steelhead as well.  

 
Preliminary estimates indicate that spawning habitat rehabilitation in the Englebright Dam Reach 
of the lower Yuba River could provide additional spawning habitat for 4,764 spring-run Chinook 
salmon, and thereby achieve the specific HET to accommodate an estimated net increase of 
2,000 to 3,000 spring-run Chinook salmon spawning annually.  The benefit of new side-channel 
habitats would: (1) increase and maintain existing riparian vegetation; (2) provide instream 
object and overhanging object cover; (3) provide new SRA, and associated allochthonous food 
sources for rearing juveniles; (4) increase aquatic habitat complexity and diversity; (5) provide 
habitats more consistent with those previously available in the upper watershed; and (6) provide 
predator escape cover, and overall increased survival of juvenile spring-run Chinook salmon and 
steelhead – all of which would thereby contribute to increased annual spawning run abundance.  
Based on preliminary estimates of area (scaled from Figures 4 – 11 herein), additional aquatic 
rearing habitat could be 10 to 21 acres; additional riparian habitat could be an additional 10 to 21 
acres. 
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As previously mentioned, a segregation weir does not, unto itself, expand habitat and directly 
contribute to achieving the goals of the HET. Rather, the stated intent is to accomplish 
geographic distinction (and reproductive isolation) and thereby reduce the potential for genetic 
introgression between fall-run and spring-run Chinook salmon. Similarly, although improved 
fish passage at the Corps Daguerre Point Dam would help to facilitate access to available 
upstream habitat, it would not expand the amount of habitat with the physical characteristics 
necessary to support spawning, rearing and adult holding of spring-run Chinook salmon and 
steelhead.  
 
MOST COST-EFFECTIVE COMPARED TO OTHER POTENTIAL HABITAT EXPANSION 

ACTIONS 
 

For each Viable Action, a rough estimate of its cost and contribution to the HET 
will be determined. Each Viable Action then will be ranked in terms of its cost 
effectiveness (i.e., the cost of the action versus its contribution to the HET). Refer 
to the discussion of favorable cost effectiveness in Evaluation Criterion (d). 
 

Based upon the economic feasibility (below) it is possible that the proposed habitat enhancement 
actions in the lower Yuba River can be implemented within extant funding limitations, and 
would achieve or exceed the specific HET goal of establishing a self-sustaining, viable 
population, representing a net increase of 2,000 to 3,000 spring-run Chinook salmon spawning 
annually in the Central Valley.  Although uncertainty remains regarding the feasibility and cost, 
particularly associated with the segregation weir, and the consideration that Daguerre Point Dam 
fish passage improvements may be required to be implemented through other processes, the 
Englebright Dam Reach spawning habitat rehabilitation component would be extremely cost-
effective, and the juvenile salmonid rearing habitat enhancement actions would have synergistic 
benefit and augment resulting habitat expansion through enhanced spring-run Chinook salmon 
and steelhead juvenile production.  
 
FEASIBILITY (ACTION[S] CAN REASONABLY BE ACCOMPLISHED) 
 

As stated in Evaluation Criterion (a), actions/projects must have a high likelihood 
of success (i.e., they must be highly feasible). The term “feasibility” is being 
interpreted broadly to include the concepts described for four Evaluation 
Criteria: (a) technical feasibility, (d) economic feasibility, (i) favorable political 
and local support, and (l) consistency with other resource uses. 

 
The feasibility varies among the suite of actions being considered by the HEA Steering 
Committee.  
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The Englebright Dam Reach spawning habitat rehabilitation component is highly feasible, based 
upon a 5-year (2003-2008) comprehensive investigation conducted to ascertain the linkages 
between hydrology, geomorphology, and ecology (Pasternack 2009), and a 2007 pilot gravel 
injection study. Pasternack (2009) highly recommended that such a project be designed using the 
Spawning Habitat Integrated Rehabilitation Approach (SHIRA) that is in use on the Feather, 
American, Trinity, and Mokelumne Rivers. For details, see the website at 
http://shira.lawr.ucdavis.edu. Using SHIRA would ensure that a project of this magnitude would 
immediately yield spawning habitat, as has been documented thoroughly on the Mokelumne and 
Trinity Rivers. We have not prepared a cost estimate for the Englebright Dam Reach spawning 
habitat rehabilitation action. However, in response to the HEA questionnaire, the stated cost of 
this action was approximately $3 million, although it is uncertain whether this stated cost 
includes all project-related requirements. 
     
Prior to the RMT’s field tour of potential juvenile salmonid rearing habitat enhancement projects 
and further identification and refinement of specific actions, the response to the HEA 
questionnaire stated that the cost of this action was $2 million, although it is uncertain whether 
this stated cost includes all project-related requirements. We have not prepared a cost estimate 
for the juvenile salmonid habitat enhancement actions. However, review of Appendix E in the 
Draft Recovery Plan suggests that “channel restoration” pertinent to Central Valley rivers ranges 
in cost from $1.2 million to $8.7 million per mile, and USFWS reports that for AFRP habitat 
enhancement/development actions, cost estimates of $1.0 to $1.5 million per mile were derived. 
The HEA Steering Committee would likely need to develop their own cost estimates. 
 
The suite of actions considered by the HEA Steering Committee also may include a segregation 
weir located approximately 6 miles below Englebright Dam to provide spawning segregation of 
spring-run Chinook salmon from fall-run Chinook salmon. The need for, benefits of, and specific 
operational considerations for the segregation weir component of the project are presently 
uncertain, and can be more completely evaluated following results from ongoing studies by the 
Yuba Accord RMT involving tagging, tracking, redd mapping and genetic analysis. Although 
resistance board segregation weirs are versatile and have been used in other locations, evaluation 
of the technical feasibility and full costs associated with implementation in the lower Yuba River 
have not been conducted.  We have not prepared a cost estimate for the segregation weir action. 
However, in response to the HEA questionnaire, it was suggested that based on a preliminary, 
reconnaissance-level review, a resistance board weir would cost approximately $220,000 for 
installation and $52,000 annually for weir operation and monitoring, although it is likely that this 
stated cost does not include all project-related requirements. At a minimum, careful 
consideration of the full costs of construction of a hard-mounted fish barrier, the costs of 
developing and securing access for construction and operations, the cost associated with 
operations and cleaning, and the costs associated with maintenance and the potential for damage 
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by high or flood flows will need to be undertaken prior to a final decision on this potential 
project.   
 
Potential alternatives associated with fish passage improvements at the Corps Daguerre Point 
Dam continue to be part of ongoing investigations. According to the NMFS 2007 Biological 
Opinion (BO), the Corps shall develop and implement a plan to improve fish passage for adult 
and juvenile spring-run Chinook salmon, steelhead and green sturgeon at Daguerre Point Dam. 
Moreover, the NMFS BO requires that the Corps shall complete the feasibility study and PED 
phases of the ongoing fish passage improvement project, as described in the Corps biological 
assessment for the proposed project, within five years of the issuance of the BO. It further 
requires that the Corps shall commence implementation of the preferred alternative to improve 
fish passage for adult and juvenile spring-run Chinook salmon, steelhead and green sturgeon at 
Daguerre Point Dam, developed through the feasibility study and PED process, within ten years 
of the issuance of the BO. Therefore, it may be appropriate to assume that associated costs would 
be the Corps responsibility, and not necessarily be an appropriate consideration pursuant to the 
HEA eligibility criteria.  
 
 
TIMING (EXPECTED TO BE IMPLEMENTED WITHIN A REASONABLE PERIOD OF TIME) 
 

As noted in Evaluation Criterion (h), factors important to the success of a project 
include not only the length of time to implement the project but also the length of 
time to realize benefits. Thus, the HEP will favor “shovel-ready” projects that 
can be implemented in a reasonable period of time (e.g., less than approximately 
5 years). The more favorable projects will be those that need minimal additional 
public process, particularly related to permitting, zoning, or land use issues. In 
addition, projects that benefit spring-run Chinook within a relatively short period 
of time (e.g., approximately 10 years or less) will be favored. 
 

The Englebright Dam Reach spawning habitat rehabilitation project is essentially “shovel ready”. 
A 5-year (2003-2008) comprehensive investigation has been conducted to ascertain the linkages 
between hydrology, geomorphology, and ecology (Pasternack 2009), and a 2007 pilot gravel 
injection study has been implemented.  Located in a remote rural area, this project requires 
minimal additional public process, particularly related to permitting, zoning, or land use issues. 
The project could be implemented once final design, plans and specifications are completed, and 
appropriate permits are obtained (potentially less than one year). By using the SHIRA approach 
that is in use on the Feather, American, Trinity, and Mokelumne rivers, a project of this 
magnitude would immediately yield spawning habitat, as has been thoroughly documented on 
the Mokelumne and Trinity rivers.  
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It is anticipated that the proposed juvenile salmonid rearing habitat enhancement actions would 
be designed, access and permits obtained, and selected actions implemented consistent with the 
approval and implementation schedule established for the HEA implementation process.  Given 
the tools in development and work currently underway (e.g., mapping of entire lower Yuba, 2D 
hydraulic model of the lower Yuba River, pilot restoration project design), it seems likely that a 
preliminary design and permitting analysis could be completed within 1 year.  Permitting, 
landowner access and other issues could be resolved within 1 to 2 years, depending on 
complexities.  Construction could be accomplished in one to two seasons.   
 
As previously discussed, the need for, benefits of, and specific operational considerations for the 
segregation weir component of the project are presently uncertain. Evaluation of the technical 
feasibility associated with implementation in the lower Yuba River has not been conducted.  It is 
uncertain when evaluation of the infrastructure integrity and operations and management 
practices, access logistics, a feasibility study, and obtaining appropriate permits would occur.  
 
The NMFS 2007 BO requires that the Corps shall complete the feasibility study and PED phases 
of the ongoing Daguerre Point Dam fish passage improvement project within five years of the 
issuance of the BO. It further requires that the Corps shall commence implementation of the 
preferred alternative to improve fish passage for adult and juvenile spring-run Chinook salmon, 
steelhead and green sturgeon at Daguerre Point Dam, developed through the feasibility study and 
PED process, within ten years of the issuance of the BO. However, in consideration that the 
NMFS 2007 BO is the subject of a legal challenge pending in the United States District Court for 
the Eastern District of California, specific timing is presently uncertain. 
 
RELATIONSHIP TO OTHER PARTIES 
  

Actions identified in other venues are eligible for consideration provided that 
what is implemented under the HEA results in an expansion of habitat over any 
existing requirements and commitments. As stated in Evaluation Criterion (n), 
projects required as part of other proceedings… will not be favored and may be 
considered ineligible. 
 

Although the cessation of spawning gravel recruitment from areas upstream of the Corps 
Englebright Dam may be directly attributable to the presence of the dam, some of the shot-rock 
on Sinoro Bar results from high flows and landslides, and the geomorphic structure also has been 
influenced by local instream gravel mining. Research conducted by Professor Greg Pasternack 
(UC Davis) provides substantial evidence that the downstream section of the Englebright Dam 
Reach (including Sinoro Bar) is primarily impacted by historic hydraulic gold mining and 
modern mechanized placer mining conducted since 1960 (Pasternack 2009). Thus, the 
Englebright Dam Reach spawning habitat rehabilitation project addresses physical habitat 
conditions distinct from those directly associated with construction of the Corps Englebright 
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Dam. The Englebright Dam Reach spawning habitat rehabilitation project proposed for HEA 
consideration includes shot-rock removal, localized grading and contouring, placement of 
hydraulic roughness elements, and initial gravel placement.  
 
Although the Corps is required to implement a long-term gravel augmentation program by the 
NMFS 2007 BO, such a program would provide minimal benefits to spring-run Chinook salmon 
and steelhead until the channel is rehabilitated from instream gravel mining and deposition of 
shot-rock. After initial spawning habitat rehabilitation and the provision of gravel associated 
with the Englebright Dam Reach spawning habitat rehabilitation project, it is suggested that 
ongoing gravel supply would then be maintained as per requirements of the Corps in the NMFS 
2007 BO, or whatever requirements emanate from the legal challenge pending in the United 
States District court for the Eastern District of California. That ongoing process injects additional 
uncertainty regarding the timing of the Corps participation in this project. It has been estimated 
that ongoing annual maintenance of the spawning habitat could be accomplished through the 
injection of approximately 10,000 cubic yards of gravel per year (Pasternack 2009).  
 
The juvenile salmonid rearing habitat enhancement project is not required under other venues, 
and would be appropriate for funding under the HEA. As stated in SYRCL’s response to the 
questionnaire for this project, funding partners could include the Corps, Western Aggregates, 
PG&E, BLM, USFWS AFRP and project partners could include the Corps and SYRCL. It is 
presently undetermined what parties would be responsible for continued maintenance of the 
juvenile salmonid rearing habitat enhancement project. However, considering that construction 
of Englebright Dam by the Corps has resulted in the reduced functionality of juvenile salmonid 
rearing habitat in the lower Yuba River, it may be appropriate to consider the Corps as the 
primary responsible party for continued maintenance.  Although the Corps is required to 
implement by 2012 a program of large wood supply to the lower Yuba River by the NMFS 2007 
BO (legal challenge pending), that requirement does not include the proposed juvenile salmonid 
rearing habitat enhancement project. 
 
The Yuba Accord RMT subcommittee does not specifically recommend the segregation weir 
project for the lower Yuba River at this time. However, as the HEA Steering Committee 
continues to consider numerous specific projects, it is noted that, as stated in SYRCL’s response 
to the questionnaire for this project, funding partners could include PG&E (per the Narrows 
Mitigation Fund) and the USFWS AFRP, and project partners could include the Corps. 
 
Potential alternatives associated with fish passage improvements at Daguerre Point Dam 
continue to be part of ongoing investigations. According to the NMFS 2007 BO, the Corps shall 
develop and implement a plan to improve fish passage for adult and juvenile spring-run Chinook 
salmon, steelhead and green sturgeon at Daguerre Point Dam. Moreover, the NMFS BO requires 
that the Corps shall complete the feasibility study and PED phases of the ongoing fish passage 
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improvement project, as described in the Corps biological assessment for the proposed project, 
within five years of the issuance of the biological opinion. It further requires that the Corps shall 
commence implementation of the preferred alternative to improve fish passage for adult and 
juvenile spring-run Chinook salmon, steelhead and green sturgeon at Daguerre Point Dam, 
developed through the feasibility study and PED process, within ten years of the issuance of the 
biological opinion. Although the NMFS 2007 BO is the subject of a legal challenge pending in 
the United States District Court for the Eastern District of California, it is anticipated that fish 
passage improvements at Daguerre Point Dam will remain the Corps’ responsibility. 

 
SUPPORTS ESTABLISHING A GEOGRAPHICALLY SEPARATE, SELF-SUSTAINING 

POPULATION OF SPRING-RUN  
 

As discussed in Evaluation Criterion (g), the proposed projects should support 
development of a viable population of spring-run Chinook salmon within the 
Sacramento River Basin, in addition to those that already exist in Mill, Deer, and 
Butte Creeks. 
 

A priority within the HEA is the development of a new, geographically separate, self-sustaining 
population of spring-run Chinook salmon (see Section 4.2.3[c] of the HEA). NMFS has 
identified presently viable spring-run Chinook populations in Mill, Deer and Butte Creeks 
(Lindley et al. 2007).  NMFS Approval Criteria (items a–f contained in Section 4.2.3 of the 
HEA) includes the development of a viable population of spring-run Chinook salmon within the 
Sacramento River Basin, in addition to those that already exist in Mill, Deer and Butte Creeks.  
 

NMFS Approval Criteria (item 4.2.3[c] of the HEA) further states that, in addition to being 
geographically separate, the proposed actions need to provide habitat that is of sufficient quantity 
(e.g., watershed size of 500 km2 or greater as a guideline) and quality, and sufficiently separate 
to support a self-sustaining population of spring-run Chinook salmon. The Yuba River 
Watershed drains 1,339 square miles of the western slope of the Sierra Nevada and includes 
portions of Sierra, Placer, Yuba, and Nevada counties (YCWA et al. 2007).  
 
Implementation of the Englebright Dam Reach spawning habitat rehabilitation project and the 
juvenile salmonid rearing habitat enhancement project, and associated establishment of a viable 
spring-run Chinook salmon population in the lower Yuba River (in addition to presently viable 
spring-run Chinook salmon populations in Mill, Deer and Butte creeks), may satisfy the criteria 
of:  

 Favorable spatial separation from other spawning streams to minimize population 
impacts of a stream-specific adverse event (geographic distribution is favored over 
centralization) 
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 Supports establishing a geographically separate, self-sustaining population of Spring-
Run 

 
 
SUPPORTS SEGREGATING SPRING-RUN HABITAT FROM CENTRAL VALLEY FALL-
RUN CHINOOK SALMON 
 

As discussed in Evaluation Criterion (f), the proposed projects should support 
segregation of spring-run and fall-run Chinook salmon populations. Segregating 
the two runs can involve creating a segregation barrier, increasing instream flow, 
or enhancing habitat for spring-run over fall-run Chinook. 
 

As previously discussed, separation may be achieved either through physical barriers or through 
the development of habitat conditions that favor spring-run Chinook salmon over fall-run 
Chinook salmon. Clearly, the intent is to achieve separation of fall-run and spring-run Chinook 
salmon to minimize/avoid genetic introgression, to be accomplished by reproductive isolation.  
 
As previously mentioned, to some extent spatial and temporal segregation presently occurs in the 
lower Yuba River. Previously conducted reconnaissance-level redd surveys, carcass surveys, and 
the more intensive 2008 pilot redd survey demonstrate that the majority of redds constructed 
during September to early October (phenotypically consistent with spring-run Chinook salmon 
spawning timing) were observed in the uppermost portion of the survey area (i.e., upstream of 
the Highway 20 Bridge). Preliminary data obtained from early season redd surveys conducted 
from August 31 through October 1, 2009 demonstrate that of the total 714 redds constructed 
during this period throughout the lower Yuba River, 520 (73%) were constructed upstream of the 
Highway 20 Bridge. By contrast, redds constructed later in the season (phenotypically consistent 
with fall-run Chinook salmon spawning timing) were primarily observed further downstream in 
the lower Yuba River. Preliminary 2009 data demonstrate of the 1,598 redds constructed since 
October 1 through October 29, 2009, 952 (60%) were constructed downstream of the Highway 
20 Bridge.  
  
 

HEA STEERING COMMITTEE OUTSTANDING QUESTIONS 

AND ISSUES 

At the RMT meeting held on September 23, 2009, the HEA Steering Committee provided the 
RMT with a list of questions regarding habitat expansion project in the lower Yuba River.  
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BIOLOGICAL 

1.0 What is the potential contribution for each component of the proposed project to 
the Habitat Expansion Threshold? 

As previously discussed, preliminary estimates indicate that spawning habitat rehabilitation in 
the Englebright Dam Reach of the lower Yuba River could provide additional spawning habitat 
for up to 4,764 spring-run Chinook salmon, and thereby achieve the specific HET to 
accommodate an estimated net increase of 2,000 to 3,000 spring-run Chinook salmon spawning 
annually.  The juvenile salmonid rearing habitat enhancement project and resultant increased 
habitat complexity (e.g., create/restore backwater and side-channel habitat, physical structure, 
SRA, riparian vegetation, and instream object and overhanging cover) would provide for 
increased growth, protection from predators, and overall increased survival of juvenile spring-
run Chinook salmon and steelhead, and thereby contribute to increased annual spawning run 
abundance.   Preliminary estimates indicate that up to 22,450 lineal feet (4.25 miles), or 10 to 21 
acres of in-river rearing habitat could be created, with an additional 10 to 20 acres of riparian 
habitat. 
 
As also previously discussed, a segregation weir does not, unto itself, expand habitat and directly 
contribute to achieving the goals of the HET. Rather, the stated intent is to accomplish 
geographic distinction and thereby reduce the potential for genetic introgression between fall-run 
Chinook salmon and spring-run Chinook salmon. Similarly, although improved fish passage at 
the Corps Daguerre Point Dam would help to facilitate access to available upstream habitat, it 
would not expand the amount of habitat with the physical characteristics necessary to support 
spawning, rearing and adult holding of spring-run Chinook salmon and steelhead.  

 
2.0 How would juvenile habitat enhancement and fish passage improvements translate 

into numbers of fish? 

Explicit quantification of the “numbers of fish” associated with these two project components 
cannot be estimated at this time.  Although estimates of benefit were provided to the HEA 
Steering Committee of the Englebright Dam Reach spawning habitat restoration action via the 
initial questionnaires, which have been refined in this document, the RMT is presently not 
prepared to provide additional quantitative estimation until the results of RMT studies currently 
underway are available. It is expected that results obtained through the Yuba Accord M&E 
Program will provide information allowing development of annual instream production 
estimates, relating the numbers of juveniles produced and emigrating from the lower Yuba River 
annually to the number of spawners. However, as previously mentioned, resultant increased 
habitat complexity (see above) would provide for increased growth, protection from predators, 
and overall increased survival of juvenile spring-run Chinook salmon and steelhead.  
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Also, as previously discussed, fish passage improvements at the Corps Daguerre Point Dam 
could be expected to reduce occurrence of disease in upstream migrating adults, provide 
additional opportunities for upstream spawning distribution, reduce adult pre-spawning 
mortality, and increase egg viability, all of which may result in the reduction in abundance and 
productivity of spring-run Chinook salmon and steelhead. Fish passage improvements at 
Daguerre Point Dam also could be expected to reduce juvenile salmonid injury, direct mortality 
and predation rates, and thereby potentially increase juvenile numbers and their contribution to 
year class strength and recruitment.  Improving rearing habitat and fish passage is expected to 
work in concert with the improvements to spawning habitat in the Englebright Dam Reach. 

3.0 Are there fish passage issues at Daguerre Point Dam? 

[See the previous discussion of Daguerre Point Dam passage improvement considerations.] 

 
4.0 Where is the best location to place a segregation weir on the Lower Yuba River? 

In practical terms, there are a limited number of locations that would be most suitable for 
installation and maintenance of a segregation weir in the lower Yuba River. Evaluation of the 
technical feasibility (including potential site locations) associated with implementation of a 
segregation weir in the lower Yuba River remains to be conducted. At a minimum, careful 
consideration of the feasibility and full costs of construction of a hard-mounted fish barrier 
(including in-river construction techniques and impacts), the costs of developing and securing 
access for construction and operations, the challenges of operations and cleaning, and the risk 
and potential for damage by high or flood flows will need to be undertaken prior to a final 
decision on this potential project. If future implementation of a segregation weir in the lower 
Yuba River is considered, then additional monitoring (acoustic tracking, spawning surveys, 
genetic analysis) being conducted by the Yuba Accord RMT will provide additional information 
regarding the specific locational and operational considerations for the segregation weir project.  
 
5.0 Where are phenotypic spring-run Chinook salmon spawning, above or below the 

proposed location of the segregation weir? 
 

[See the previous discussions regarding spatial and temporal distribution of Chinook salmon 
spawning, and issues surrounding the segregation weir project.] 

PROJECT RELATED 

1.0 What are the resource agencies positions on the segregation weir? 

[Response to this question requires direct consultation with resource agencies] 
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2.0 Are the Narrows gravel augmentation and Daguerre Point Dam fish passage 
improvement actions the responsibility of the Corps under the biological opinions? 

As previously described, although the cessation of spawning gravel recruitment from areas 
upstream of the Corps Englebright Dam may be directly attributable to the presence of the dam, 
some of the shot-rock on Sinoro Bar results from high flows and landslides, and the geomorphic 
structure also has been influenced by local instream gravel mining. The Englebright Dam Reach 
spawning habitat rehabilitation project proposed for HEA consideration includes shot-rock 
removal, localized grading and contouring, placement of hydraulic roughness elements, and 
initial gravel placement.  
 
Although the Corps is required to implement a long-term gravel augmentation program by the 
NMFS 2007 BO, such a program would provide minimal benefits to spring-run Chinook salmon 
and steelhead until the channel is rehabilitated from instream gravel mining and deposition of 
shot-rock. After initial spawning habitat rehabilitation and the provision of gravel associated 
with the Englebright Dam Reach spawning habitat rehabilitation project, it is suggested that 
ongoing gravel supply would then be maintained as per requirements of the Corps in the NMFS 
2007 BO, or whatever requirements emanate from the legal challenge pending in the United 
States District court for the Eastern District of California. It has been estimated that ongoing 
annual maintenance of the spawning habitat could be accomplished through the injection of 
approximately 10,000 cubic yards of gravel per year (Pasternack 2009). 
 
Potential alternatives associated with fish passage improvements at Daguerre Point Dam 
continue to be part of ongoing investigations. According to the NMFS 2007 BO, the Corps shall 
develop and implement a plan to improve fish passage for adult and juvenile spring-run Chinook 
salmon, steelhead and green sturgeon at Daguerre Point Dam. Although the NMFS 2007 BO is 
the subject of a legal challenge pending in the United States District Court for the Eastern 
District of California, it is anticipated that fish passage improvements at Daguerre Point Dam 
will remain the Corps’ responsibility. 

3.0 Are there accurate cost estimates for the individual project components including 
permitting, construction, and long term operation and maintenance costs?  
 

We have not prepared cost estimates for proposed habitat enhancement projects in the lower 
Yuba River. Additional cost information is provided under the previous discussion regarding 
feasibility, which includes economic feasibility.  

 
4.0 Are there potential funding partners for operation and maintenance activities? 

 
Anticipated potential funding partners were preliminarily identified in the questionnaire 
responses for each of the considered habitat expansion project for the lower Yuba River, and 
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were discussed above under the section titled “Relationship to Other Parties”.  Potential funding 
partners suggested in the responses to the questionnaires have not necessarily confirmed their 
participation or approval of identified habitat expansion projects in the lower Yuba River.   
 
For summary purposes, information regarding potential funding partners for each of the four 
considered projects in the lower Yuba River is presented below.  
 
After initial spawning habitat rehabilitation and the provision of gravel associated with the 
Englebright Dam Reach spawning habitat rehabilitation project, ongoing gravel supply would 
then be maintained as per requirements of the Corps in the NMFS 2007 BO, or subsequent 
requirements pending the outcome of the legal challenge being considered by the United States 
District Court of the Eastern District of California.  
 
As stated in SYRCL questionnaire response, funding partners for juvenile salmonid rearing 
habitat enhancement project could potentially include the Corps, Western Aggregates, PG&E, 
BLM, USFWS AFRP, and project partners could potentially include the Corps and SYRCL. As 
previously discussed, potential funding partners suggested in the responses to the questionnaires 
have not necessarily confirmed their participation or approval of identified habitat expansion 
projects in the lower Yuba River.  Moreover, it is likely that all of the potential funding partners 
have funding limits or constraints for a project of the necessary scope and magnitude.  
 
It is presently undetermined what parties would be responsible for continued maintenance of the 
juvenile salmonid rearing habitat enhancement project.  
 
As stated in SYRCL’s response to the questionnaire for the segregation weir project, funding 
partners could potentially include PG&E and the USFWS AFRP, and project partners could 
potentially include the Corps. As part of the NMFS 2007 BO, the Corps shall maintain the 
current fish passage facilities, including fish ladder clearing and sediment management, at 
Daguerre Point Dam until it develops and implements a plan to improve passage at Daguerre 
Point Dam. Although the NMFS 2007 BO is the subject of a legal challenge pending in the 
United States District Court for the Eastern District of California, it is anticipated that fish 
passage improvements, including ongoing maintenance activities at Daguerre Point Dam will 
remain the Corps’ responsibility. 

 
5.0 Who would own, operate, and maintain a segregation weir? 

 
It is presently undetermined what parties would be responsible for the segregation weir. As 
discussed above, SYRCL’s questionnaire response stated that potential funding partners for 
segregation weir implementation could potentially include PG&E and the USFWS AFRP, and 
project partners involved with ongoing operation and maintenance activities could potentially 
include the Corps. 
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Appendix N 
Methodology for Estimating the 

Contribution of Recommended Actions to 
the Habitat Expansion Threshold 

One measure of the adequacy of the actions recommended in the Habitat 
Expansion Plan (HEP) is their estimated contribution to the Habitat Expansion 
Threshold (HET).  The Habitat Expansion Agreement for Central Valley Spring-
Run Chinook Salmon and California Central Valley Steelhead (HEA) specifies 
that the HEP should “expand spawning, rearing and adult holding habitat 
sufficiently to accommodate an estimated net increase of 2,000 to 3,000 Spring 
Run [Chinook salmon] for spawning (“Habitat Expansion Threshold”) in the 
Sacramento River Basin as compared to the habitat available under any relevant 
Existing Requirements or Commitments” (Section 2.2 of the HEA).  The 
National Marine Fisheries Service (NMFS) is instructed to use the extent to 
which the HEP recommended actions achieve the HET in its evaluation of the 
actions.   

The HEA also states that “The Habitat Expansion Threshold is focused on 
Spring-Run [Chinook salmon] as the priority species, as expansion of habitat for 
Spring-Run typically accommodates Steelhead as well” (Section 2.2 of the 
HEA).  The HEP provides habitat to support spring-run Chinook salmon and 
steelhead recognizing that actual abundance of fish that return to the Sacramento 
River system is the result of conditions across the life-history expanse of the 
species and outside the domain of the HEA.  In other words, the HEP actions 
need to increase the potential of habitat in the Sacramento River Basin to support 
spring-run Chinook salmon and steelhead by providing sufficient quantity of 
habitat to support the numeric goal of the HET and with qualities consistent with 
the habitat needs of spring-run Chinook salmon. 

The HEA does not describe a method for evaluating the contribution of actions to 
the HET.  As a result, the Steering Committee developed a method of estimating 
contribution to the HET.  The evaluation method documents a logical procedure 
that informed the Steering Committee conclusions regarding the adequacy of 
recommended actions to meet the HET.  The procedure involves evaluating the 
recommended actions first in terms of the quantity of habitat for Chinook salmon 
provided and second in terms of the quality of that habitat with respect to the 
needs of spring-run Chinook salmon. 
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The methodology of evaluating contribution to the HET used in preparing the 
Final HEP is similar to that described in Chapter 3 of the Draft HEP.  In the Draft 
HEP, the Steering Committee estimated the contribution of recommended actions 
in Battle Creek, Antelope Creek, Big Chico Creek, and the Lower Yuba River.  A 
uniform methodology was needed that could be applied across actions in all 
watersheds and accommodate the limited information available.  For the Final 
HEP, the Steering Committee was able to significantly refine the methodology 
and take advantage of new information, specifically for the recommended Lower 
Yuba River Habitat Expansion Actions (Lower Yuba River Actions).  The 
primary components of the Lower Yuba River Actions pertinent to the HET 
calculation are spawning habitat expansion actions at Sinoro Bar and Narrows 
Gateway (the HEP action sites).  The HEP action area includes Englebright Dam 
to below the Narrows in the Lower Yuba River.   

N.1 Overview of the Methodology 

The methodology of estimating contribution to the HET for the recommended 
actions is based on a conceptual framework that uses potential spawner 
abundance as a biological surrogate for habitat conditions at points along a 
continuum of possible habitat conditions (Figure N-1).  The distance between 
potential spawner abundance under the Current Habitat Potential and the 
Maximum Habitat Potential defines the Restoration Potential.  Restoration 
Potential is a function of habitat conditions and describes habitat improvements 
that can be addressed by restoration actions.   

N.1.1 Current Habitat Potential 

The Current Habitat Potential describes the existing capability of the habitat to 
support spawning by spring-run Chinook salmon.  It is presumed that the 
potential of the existing habitat at Sinoro Bar and Narrows Gateway is quite 
limited because very few Chinook salmon currently spawn in the area despite the 
fact that Chinook salmon spawn in other areas of the Lower Yuba River.  While 
there is no systematic assessment of fish abundance above Timbuctoo Bend, 
anecdotal observations support the contention that current abundance is low, with 
the few spring-run Chinook salmon spawning only in pockets of suitable habitat 
(Pasternack pers. comm.).  For purposes of estimating contribution to the HET, it 
was assumed that the Current Habitat Potential is 200 spawners.  

N.1.2 Maximum Habitat Potential 

The Maximum Habitat Potential describes fish performance under “best 
possible” habitat conditions.  The maximum potential of the habitat does not 
describe a historical or unregulated condition.  This is because the Lower Yuba 
River has been radically and arguably fundamentally altered relative to its 
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condition prior to anthropogenic impacts to sediment, channel form, substrate, 
flow, and temperature.  To evaluate the contribution to the HET, the Maximum 
Habitat Potential was based on estimates of Chinook salmon spawning potential 
for restored conditions at Sinoro Bar and Narrows Gateway that were provided 
by Dr. Gregory Pasternack of the University of California at Davis (Pasternack 
2010a, 2010c).  Dr. Pasternack’s reports to the Licensees regarding his analysis 
of the recommended actions are provided in Appendix H and Appendix K of the 
Final HEP.     

The contribution to the HET represents partial fulfillment of the Restoration 
Potential through completion of the recommended actions in the HEP. 

 

 

 

Figure N-1.  Conceptual Framework for the Methodology of 
DeterminingContribution to the Habitat Expansion Threshold 

The remainder of this appendix provides details of the methodology to estimate 
contribution to the HET. 

N.2 Determination of Maximum Habitat Potential 

The Maximum Habitat Potential of the habitat at the HEP action sites was based 
on Pasternack’s analysis of the Sinoro Bar and Narrows Gateway sites 
(Pasternack 2010a, 2010c [Appendices H and K in the Final HEP]).  Pasternack 
analyzed the geomorphology of the proposed actions at the two sites and 
estimated the quantity of habitat provided by restoration of channel and substrate 
conditions.  He then adjusted the total HEP action area downward to account for 
non-spawnable habitat types such as pools and for other areas he concluded 
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would not provide suitable spawning conditions.  The result was an estimate of 
the total potential spawning area provided by the recommended actions 
(Table N-1).  Based on Pasternack’s analysis, the recommended spawning habitat 
expansion actions would provide 40,738 square meters (m2) of potential Chinook 
salmon spawning area. 

Table N-1.  Estimated Capacity of Expanded Habitat to Support Chinook Salmon Spawners 

HEP Recommended 
Action 

Area of Expanded 
Habitat (m2) 

Area of Spawning 
Habitat (m2) 

Estimated Redd 
Capacity  
(redd = 11.1 m2) 

Estimated 
Chinook Salmon 
Spawner Capacity 
(2 fish/redd) 

Rehabilitation of Sinoro 
Bar 

46,486 28,072 2,529 5,058 

Rehabilitation of 
Narrows Gateway 

15,833 12,666 1,141 2,282 

Total 62,319 40,738 3,670 7,340 

Sources:  Pasternack 2010a, 2010c. 

To estimate the number of Chinook salmon redds that could be accommodated 
by the expanded habitat, Pasternack divided the total area in the two HEP action 
sites (Table N-1) by the assumed area of a Chinook salmon redd.  Redd size is 
highly variable and dependent on spawner density, habitat conditions, and other 
factors.  Pasternack relied on his personal observations of Chinook spawning in 
the Mokelumne River and in the Timbuctoo Bend area of the Yuba River to 
estimate the size of typical Chinook salmon redds.  He also made adjustments for 
the typical spacing of redds across a gravel bar.  The result was a range of 
estimates of Central Valley Chinook salmon redd size, from 5.5 m2 at Timbuctoo 
Bend to 18.3 m2 in the Mokelumne River.  Pasternack concluded that an amount 
of 11.1 m2/redd was “most reasonable” for estimating potential redd abundance 
at Sinoro Bar and Narrows Gateway.   

The Steering Committee used Pasternack’s “most reasonable” estimate of 
potential redd abundance at the two action sites to determine the Maximum 
Habitat Potential of the two areas (Table N-1).  Because the HET is expressed in 
terms of adult Chinook spawners, the estimated number of redds was related to 
spawners by multiplying redds by 2.0, assuming that each redd represents at least 
one male and one female fish.  For purposes of evaluating the contribution to the 
HET, the Steering Committee used the lowest possible redd-fish multiplier and 
set the Maximum Habitat Potential of the two sites to be 7,340 Chinook salmon 
spawners.   
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N.3 Adjustment of Habitat Potential due to Habitat 
Quality 

Once the Maximum Habitat Potential was determined, it was adjusted to account 
for conditions not addressed by the recommended actions and the expectation of 
the recommended actions to address habitat limitations at the two sites.  The 
adjustment of the Maximum Habitat Potential involved diagnosing conditions at 
the HEP action sites, interpreting the diagnosis from the perspective of spring-run 
Chinook salmon, and then applying the recommended actions as treatments to 
address the limiting conditions.  The Steering Committee developed an Excel 
spreadsheet to facilitate the adjustments and to document assumptions and 
calculations.  The spreadsheet uses several worksheets that document the various 
steps in the HET estimation methodology, including: 

 watershed definition, 

 species rules,  

 watershed diagnosis 

 action hypotheses, and 

 contribution to the HET. 

Each of these worksheets is discussed below.  The final HET evaluation 
spreadsheet is posted on the HEA website (www.sac-basin-hea.com). 

N.3.1 Watershed Definition 

The WatershedDefinition worksheet defines and names the watershed being 
evaluated, in this case, the HEP action area.  The Lower Yuba River was defined 
as a “large” watershed.  This designation is used to select the biological rules set 
on the next worksheet.  Eight environmental attributes were defined for purposes 
of evaluating the contribution to the HET of the recommended actions 
(Table N-2).  These attributes were believed to capture the major environmental 
drivers in most Central Valley streams. 

Table N-2.  Environmental Attributes Used to Evaluate Contribution to the 
HET  
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N.3.2 Species Rules 

The SpeciesRules worksheet documents the biological assumptions for the HET 
evaluation.  Biological interpretation of the environmental conditions at the HEP 
action areas was based on a ranking of the eight environmental attributes in terms 
of their biological importance for productivity of spring-run Chinook salmon in 
fresh water (Table N-2).  The ranking of 0 (no importance) to 4 (high 
importance) represented the professional judgment of the Steering Committee.  
The committee recognized that all of the attributes were potentially critical in 
some situations, and their ranking of biological importance of the attributes 
represents their conclusions specifically for the streams evaluated under the 
HEA.   

The Steering Committee concluded that the ranking of attributes could be 
different for streams of different size.  For example, large wood would be more 
important in a small headwater stream than it would be in a large river (Vannote 
et al. 1980).  The HET evaluation spreadsheet includes the option of developing 
rankings for different sized streams; however, the Yuba River was classed as a 
“large” stream, and a single set of rankings was used (Table N-3).  The 
spreadsheet also includes the option of shaping the differences between rankings 
and assuming a non-uniform spacing between integer ranks.  The Steering 
Committee opted for the simpler approach of assuming uniform spacing between 
integer ranks. 

Table N-3.  Rankings of Importance for Environmental Attributes Affecting 
Productivity of Spring-Run Chinook Salmon 
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Large streams 3.0 3.0 3.0 2.0 2.0 4.0 1.0 2.0  

N.3.3 Watershed Diagnosis 

The WatershedDiagnosis worksheet documents the Steering Committee’s 
conclusions regarding the condition of the environmental attributes at Sinoro Bar 
and Narrows Gateway.  This step also interprets the conditions from the 
perspective of spring-run Chinook, using the species rules to calculate a weighted 
index of habitat change.   
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N.3.3.1 Definition of Restoration Potential 

Current and Maximum Habitat Potential as described above were entered into the 
spreadsheet to define the Restoration Potential (Table N-4).  As noted earlier, the 
Maximum Habitat Potential was derived from Pasternack (2010a, 2010c), as 
summarized in Table N-1.  A Current Habitat Potential of 100 spawners was 
assumed at each site.  The remainder of the analysis consisted of adjusting the 
resulting Restoration Potential to estimate habitat potential at Sinoro Bar and 
Narrows Gateway with implementation of the recommended actions, in order to 
evaluate their contribution to HET. 

Table N-4.  Definition of Restoration Potential for Chinook Salmon at the 
HEP Action Sites 

Sinoro Bar
Narrows 
Gateway Total

Current Habitat 
Potential 100              100              200           

Maximum Habitat 
Potential 5,058          2,282          7,340        

Restoration Potential 4,958          2,182          7,140          

N.3.3.2 Habitat Ratings 

The Steering Committee rated conditions in the two HEP action sites for the 
eight environmental attributes under Current Habitat Potential and Maximum 
Habitat Potential conditions (Table N-5).  For the most part, the committee 
assumed optimal environmental attributes for the Maximum Habitat Potential 
within the HEP action area (ratings = 0).  The committee assumed less optimal 
conditions for the environmental attributes of Channel Form and Riparian/ 
Floodplain because canyon walls constrict the channel in the HEP action area.  
The ratings of habitat conditions were based on Pasternack’s analyses; data and 
reports from the Yuba Accord River Management Team; and discussions with 
local resource managers, biologists, and landowners.   

The scores for Current and Maximum Habitat Potential conditions were 
subtracted to compute an index of habitat change (Table N-5).  This represents 
the amount of deviation of current conditions at the actions sites from the 
maximum condition due to human-induced changes in the HEP action area.   

The Steering Committee also assigned a value for degradation of adult and 
juvenile fish passage at Daguerre Point Dam (Table N-5).  While there is ample 
reason to conclude that conditions at Daguerre Point Dam impair adult and 
juvenile migration (NMFS 2007), there has been no systematic assessment of 
mortality at the dam.  For purposes of computing the contribution to the HET, the 
Steering Committee assumed a mortality of 10 percent at Daguerre Point Dam. 
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Table N-5.  Habitat Rating Scores for HEP Action Sites 

Score: 0 Optimal geomorphic condition
4 Highly altered condition
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1 0 0 0 0 0 0 1
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1 0 0 0 0 0 0 1
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Narrows Gateway 
Current

Narrows Gateway 
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Narrows Gateway 
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Sinoro Bar Current

Habitat Rating Scores

Sinoro Bar Maximum

Sinoro Bar Change 
Index

 

N.3.3.3 Species Interpretation of Habitat Change 

The habitat change indices in Table N-5 were interpreted biologically using the 
species rules for spring-run Chinook salmon in large rivers (Table N-3).  In this 
step, the change indices for each attribute in Table N-5 were multiplied by the 
biological ranking for the attribute in Table N-3.  The result was increased weight 
for changes in attributes that were judged to have higher biological significance 
relative to changes in other attributes (Table N-6).  For example, the attribute of 
substrate was assigned a biological ranking of 3 out of 4 (Table N-3).  In 
Table N-5, the habitat change index at Sinoro Bar was -4 (0 for Maximum; and 
-4 for Current).  The resulting weighted habitat change score was 3 X -4 = -12 
(Table N-6).  This resulted in an increased biological significance for change in 
the substrate conditions at Sinoro Bar relative to a change in structure, for 
example.  The biologically weighted habitat change scores were normalized to 
percentage habitat change for each of the eight environmental attributes 
(Table N-6). 
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Table N-6.  Species Interpreted Habitat Change for HEP Action Sites 
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Weighted Scores ‐6 ‐9 ‐12 ‐2 ‐2 ‐4 ‐1 0
Normalized Scores 16.7% 25.0% 33.3% 5.6% 5.6% 11.1% 2.8% 0.0%
Weighted Scores ‐6 ‐6 ‐12 ‐2 ‐2 ‐4 ‐1 0

Normalized Scores 18.2% 18.2% 36.4% 6.1% 6.1% 12.1% 3.0% 0.0%

Species Interpretation of Habitat Change

Sinoro Bar

Narrows Gateway
 

 

The biological weighting of habitat change scores resulted in a shift in 
significance of the habitat change between the eight attributes relative to the raw 
scores (Figure N-2).  For example, change in temperature between current and 
maximum habitat conditions increased in significance when interpreted for the 
species using the biological rules, whereas the significance of changes in water 
quality decreased using the biological rules (Figure N-2). 

 

 

Figure N-2.  Comparison of Raw and Species Interpreted Percentage 
Habitat Change for HEP Action Sites 
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N.3.3.4 Allocation of Recovery Potential 

The final step in the diagnosis was to allocate the Restoration Potential 
(Table N-4) among the habitat attributes based on the percent change in each 
attribute in Table N-6.  This provided an estimate of the maximum contribution 
of Chinook salmon to the HET that could be made by addressing habitat change 
in each attribute at Sinoro Bar and Narrows Gateway (Table N-7). 

Table N-7.  Allocation of Restoration Potential Based on Habitat Change 
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Sinoro Bar 496              744            1,116            1,487           248                248         496         124         ‐         

Narrows Gateway 218              357            357                714               119                119         238         60            ‐         

Allocation to Recovery Potential

 

N.3.4 Action Hypotheses 

The ActionHypotheses worksheet determines the expected change in habitat 
attributes based on the level of intensity and effectiveness of the recommended 
actions.  The HEP recommended actions are treatments that would address the 
biologically weighted habitat changes identified in the diagnosis.  This step in the 
methodology consisted of expressing the recommended actions at Sinoro Bar and 
Narrows Gateway in terms of their expected impact on one or more of the 
environmental attributes.  Treatments were parameterized by developing action 
hypotheses.  The concept of action hypotheses is described in ICF International 
(2009) and involves three distinct steps:  

1. describe the effectiveness of an action type to change one or more 
environmental attributes,  

2. describe the intensity of application of the action at the HEP action sites, and  

3. calculate the expectation of change in the attributes as the product of 
effectiveness and intensity.   

The purpose of this procedure was to separate the scientific issues (effectiveness) 
from policy/economic issues (intensity) and create an explicit working 
hypothesis describing the actions.  Effectiveness is a scientific statement 
regarding how a type of restoration action (e.g., rehabilitation of spawning 
gravels) touches on environmental attributes.  Intensity is a statement of how 
extensive the treatment will be applied at a location (e.g., rehabilitation of Sinoro 
Bar) and reflects logistical, economic, and political considerations.  The resulting 
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expectation of change therefore reflects a combination of scientific and policy 
considerations. 

N.3.4.1 Action Effectiveness 

The actions at Sinoro Bar and Narrows Gateway are the same type of action; the 
rehabilitation of channel form and spawning gravels to optimize spawning 
conditions, thereby expanding usable habitat.  The Steering Committee 
concluded that this type of action had the potential to affect attributes of Channel 
Form, Channel Unit Types, and Substrate (Table N-8).  Further, in theory, it 
would be possible to address all or most of the habitat change in these three 
attributes.  For example, it would be theoretically possible to address 100 percent 
of the habitat change in substrate by removing all unsuitable substrate like shot 
rock and replacing it with optimal spawning gravels.  Similarly, practical 
considerations aside, it should be possible to engineer a stream channel to 
achieve nearly normative channel form and to develop a normative sequence of 
channel unit types (e.g., pools and riffles). 

Table N-8.  Effectiveness of Action Types to Address Changes in 
Environmental Attributes 
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N.3.4.2 Action Intensity 

Intensity moderates effectiveness to reflect the degree to which a proposed action 
can be realistically implemented.  Pasternack (2010a, 2010c) assumed that it 
would be possible to completely address conditions at the HEP action sites.  
However, the Steering Committee took a more conservative stance and 
concluded that the intensity of the recommended actions was 90 percent at both 
sites (Table N-9).   
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Table N-9.  Projected Intensity of HEP Recommended Actions at Sinoro Bar 
and Narrows Gateway 
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N.3.4.3 Expectations of Recommended Actions 

The expectation of the recommended actions to address identified habitat 
changes at Sinoro Bar and Narrows Gateway was calculated as the product of 
effectiveness and intensity (Table N-10).  The Steering Committee concluded 
that the recommended actions would substantially address the Restoration 
Potential associated with Channel Form, Channel Unit Types, and Substrate at 
the two action sites.  The actions are not expected to change conditions for the 
remaining attributes. 

Table N-10.  Expectations of HEP Recommended Actions to Address 
Change in Environmental Attributes 
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N.3.5 Contribution to the HET 

The HETContribution worksheet combines results from previous worksheets to 
determine the contribution of the recommended actions to the HET.  The actual 
contribution of the actions at Sinoro Bar and Narrows Gateway to the HET 
(Table N-11) was evaluated by multiplying the allocation of spring-run Chinook 
to the Recovery Potential for each attribute (Table N-7) by the action 
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expectations (Table N-10).  This expressed the change in condition of that 
attribute due to the recommended actions, in terms of the potential increase in 
fish abundance.  For example, in Table N-7 the allocation of the Recovery 
Potential to the habitat attribute “Substrate” at Sinoro Bar is 1,487 Chinook 
salmon.  The action expectation of the recommended action at Sinoro Bar is that 
it will address 90 percent of the limitation of substrate, leading to an estimated 
contribution to the HET of 1,339 Chinook (1,487 X .90).  The total contribution 
to the HET from restoration of each attribute was calculated for each of the two 
action sites.  Total HET contribution was calculated as the sum of total 
contributions from each of the two actions (Table N-11).  The “Total Chinook 
habitat potential” in the table includes the assumed Current Habitat Potential of 
200 spawners. 

Table N-11.  Estimated Contribution of HEP Actions to the HET 
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Chinook
Sinoro Bar Rehabilitation           ‐    636        954      1,339    ‐  ‐  ‐  ‐  ‐        2,928         

Narrows Gateway Rehabilitation           ‐    305         305        643         ‐    ‐    ‐    ‐    ‐          1,253         

4,182       HET Contribution

4,382           Total Chinook 
habitat potential 

Contribution to Chinook (all) from the Actions

Chinook added

 
Note:  The discrepancy in the totals is due to rounding.  The estimated contribution of the recommended actions to 
the Habitat Expansion Threshold (HET) represents an index of the increase in quality and quantity of habitat for 
spring-run Chinook salmon.   

N.4 Discussion 

The methodology for estimating the HET contribution developed by the Steering 
Committee provides a uniform and transparent approach that relates the 
recommended actions to identified habitat limitations.  The estimated 
contribution consists of a reduction of the area-based calculations of Pasternack 
(2010a, 2010c) to account for: 

1. Habitat limitations at the action sites not addressed by the recommended 
actions, including 

a. Temperature 

b. Flow 

c. Water quality 

d. Habitat structure 
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e. Passage at Daguerre Point Dam 

2. The Steering Committee’s conclusions regarding the extent to which the 
recommended actions address limitations in the target attributes: 

f. Channel form 

g. Channel unit types 

h. Substrate 

3. Current potential of the habitat 

The result was a 41-percent reduction of Pasternack’s estimates of potential 
benefits of habitat restoration at Sinoro Bar and Narrows Gateway.   

Based on this analysis and the results in Table N-11, the Steering Committee 
concludes that the recommended actions provide sufficient quantity of habitat to 
exceed the HET, with qualities consistent with the needs of spring-run Chinook 
salmon.  Two important qualifiers should be added.   

First, the HET contribution is an estimate of the increase in habitat potential in 
the Sacramento River system for spring-run Chinook salmon and is not 
necessarily an estimate of abundance of fish expected to return to the Yuba 
River.  The actual number of fish that return to spawn over both the short and 
long term reflects habitat potential over the entire life cycle of Chinook salmon 
that, in turn, is a function of conditions in the Yuba River, Sacramento River, 
Bay-Delta, and the Pacific Ocean.  The HEP recommended actions, while 
making a significant contribution to overall capabilities of the Sacramento River 
system, do not address all conditions currently limiting salmon in the HEP action 
area.   

The second qualifier on the estimated contribution to the HET relates to the use 
of the expanded habitat by both spring-run and fall-run Chinook salmon.  The 
HEP recommended actions provide the quantity and quality of habitat to 
significantly expand habitat for spring-run Chinook salmon and to meet the HET.  
It is to be expected, however, that both spring-run and fall-run fish will use the 
expanded habitat.  There is some risk that spring-run fish might be excluded by 
the abundance of spawning fall-run fish or that genetic mixing of the two runs 
would prevent development of a self-sustaining population of spring-run 
Chinook in the Yuba River1.  For these reasons, the Steering Committee added 
the action of constructing a weir to mechanically separate fall-run and spring-run 
Chinook, if deemed necessary by the resource agencies (NMFS, U.S. Fish and 
Wildlife Service, and California Department of Fish and Game).  The weir might 
be used early on to allow a spring-run population to develop, or in years in which 
disparity in abundance between the two runs would indicate the need to provide 
spring-run fish with additional protection.  Chapter 3 and Appendix J of the Final 

                                                      
1 As noted in Chapter 4 of the Final HEP (Section 4.3.2), there is evidence that, despite spatial and temporal 

overlap, spring-run and fall-run populations of Chinook salmon in the Central Valley have maintained genetic 
separation (Banks et al. 2000), presumably due to behavioral factors. 
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HEP provide additional details about the optional segregation weir and an 
adaptive management approach to its use. 
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